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Foreword ■ ' . - ' : 

^^^ith the first orbital flight of the S\>&ce Shuttle, the curtain -rises oft an era that 

will shape U.S. space' exploration for the next decade, and perhaps for the 
remainder of the century. Columbia and her sister ships will be far more than . 
odd-looking heavy-lift launch vehicles, though they will be-that. Each Space 
Shuttle will be ^n element in a total transportation system linking Earth witl\ 
space: vehicles^ ground facilities, a communications net, trained crews, established 
f reiglittates and flight schedules — :and the prospea of numerous important and 
exciting tasks to be done. 

Columbia will be as different from previous one-use space vehicles as an ocean 
freighter differs from^he Clermont. Although the Space Shuttle has been a long 
time in development and won't be workaday for several years, it will transfprfc 
space travel. W^-wili go.into space not just to meet the challenge of exploration 
but to do majay useful and productive jobs; at reduced cost, returning again and 
again..Weke initiating an era of "routine utilization" of space, and it signifies-a 
ney epoch in the history of the planet. , - 

As the Space Shuttle first ascends above the atmosphere, it is fitting to describe 
the new space transportation system: how it came to be, why it is designed the 
way it is, what we expect of it, how it may grow. This book is such a description. 
All new. technologies can be expected to undergo change and adaptation. It is 
natural fof>an endeavor as revolutionary as the Space Shuttle to develop in 
different and unforeseen ways. For this reason, an account of the initial expecta- 
tions for this remarkable venture should have value. I commend the foUowin'^ 
narrative that describes how the United States plans to make space an extension 
of life on the Earth's surface. 



June 1979 '. S # 

Adlai E. Stevenson ■ . ^ i- 

Chairman, Subcommittee on 

* Science, Technology and Space | _ 

United States Senate 
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An tfNUKELY XX>OKING FLYmG MACHINE A 

^ above the v^taj, thfcketed Florida sai^srape. time 
is the jnii-i980s^ aad the Space Shuttle prcj^ring for lauiKii 
.is pile d a fleet of tour Qiat now plies rcmtiMly, about omS 
rcmnd uip a week, Ibetweea th& Unked Sts^ and Earth orbit, 

Ibe first true aerc^pace vehicle, the Shuttle *tak« off like . 
a rocket, ppera^ in orbit as a ^>acecraft^ aini lafids like an 
airplane* To do this tal^ a complex configuratsm <rf ^ee , . 
j6iain:ejements: the C^biter, a ddta'*winged spacecraft<aircraft; . 
abwt the length of a twin- jet cQnamercial airliner, but mudb 
bulkier, aiui built to last for at feast 100 flights; a dirigibleT • 
lil^ expend^le External Tank,^<:oatainiag half a mil^on 
Jons of propeliants, secured to the Orbicer's belly; and, at- 
tached to thi sid^ of, die tank, a pair of reusable Solid pocket 
Boosters, each longer and fetter than a railway tank car. / 

The countdown clocks blink to :sero on Ae consoles in 
Launch Control at tiw Kennedy Space Center, in Mission Con* 
troi St the Johnson Space Center, Texas, and in the Shuttle's 
cabia Three main engines in the Orbiter's s^rn ignite, gulp- 
ing liquid hydrogen atid liquid oxy^n from the External 
Tank tkrough feedlines thicker than a man's body- As ttey 
build to ^ percent of full power, in about fpur seconds, the 
two Solid Rocket Booster begin firing in a storm of fiame 
and smoke. Tbe whole a&emblage rises from the same mobile 
launching platform that was once used for Saturn V rockets 
that sent Apollo astronauts to the Moon. ^ 
^ Clear of the fervicing tower, the. Shuttle turns toward its 
d^tination in space and he^n^ ^if\g over on its back — the 
crew heads-down, the tank and boosters on top of the upside- * 
down Orbicer — and slants up over the open Atlantic, its 
direction controlled by slight swiveling of the engines and 
rocket no22lessif^ ^heir spacious cabin up front, the crew of 
three astronautstnd a scientist feel no more acceleration than 
a c^foftable thxee times normal gravity. They wear ordinary 
clothes, work 'at room temperatute, and breathe normal air 
at sea-level pressure* 

After two minutes of flight, 50 kilometers 31 miles) up, 
the two solid-- fuel boosters, their work ^one/burn^ out, are cut 
loose from' the tank by explosive separation devices, and are 
' pushed clear by small rocket motors. The spent boosters coast 
upward to about 67 kilon^ters, then drop back toward the 
sea. At 4 kilometers each discards its nc^ cap and ejects a 
small parachute; this pulls out a J^rgef chute that, in turn,' 



pulls out three bigger main c^tes. These lower the bumed- 
out rocket case, nozzle fir^, i^to the ocean about 280 kilo- 
meters (175 miles), tram the la^och site. Waiting tugs collect 
the psurachutcs, attach lines td t]^e rocket cases, and pump in 
air so that they float, horizontally while being towed ashore 
to be repacked with propeilant fc^. reuse. 

The Orbiter^s three main engines continue firing until^-about 
, eight minutes into flight, then shut down just before orbital 
• velocity is reached. Ten to fifteen seconds later the big Exter- 
nal Tanlcy'^^ost empty, is cast o^^ like the boc^ter. rocket 



in a storm of flame, five gia^f rocketx deliver d\ 
seven million pounds of thrust at the mormni of 





A slow roll to the heads-down position occurs a/ the vehicle ^ 
accelerating at a relatively mild 3-g rate^ climbs toward space* 




\ . 

After two minutes, ahouf 30 miies\up, their warworn; 
th(B two solid rockets i^e cut loose and shoved aside by 
sntall rockets. They'll he recovered by ^p^aeJhute* » 




eariicr, and follows a baBkftc trajectory 18 500 kilometers 
down range. Uniijkc the bfcstefs, it br^iks up reentering the 
atmpsphere, its surviving fragments falling into a remote 
ocean area— the only main element of the Shuttle that doesn t 
return to E^irth to be xteed agaia * 
FrceV th^ tank, the Orbiter, after casting fdr'a short-time, 
Bx& its two small maneuvering engines — fed from internal 
tanks— -for about 105 ^conds reach drbital velcScity of 
7847 fne^ a second (17 500 mph). The* initiad "elliptical 
orbit ranges from 110 km (60 n,mi,) at its lowest point to 



The Orbiter in orbit« u^ith cargo hay doors d^s^d. In airless afU 
weightless space, its jbrmtetf can orient it in any direction desired. The 
trip up from fie taies less than 10 minxes. 



280 km ( 150 n. mi.) at; the apogee. A second firing of 95 sec- 
onds, half j^ay around the world from the launch site, re- 
'rfiapes the egg-shaped flight pafli to a circular orbit^ and tfie 
Space Shuttle is ready, to go to work. ^ 

From forward-facing seats, much like those in^an airliner 
cockpit, the NASA astronauts starving ship commander arid 
pilot now shift to occupy orbital work stations facing aft. 
The commander, on t^e left as usual, handles the Orbiter's 
maneuvering aifd'ittitude controls. The pilot directs the mo- 
tions of a triple- jointed, 15-meter (50-ft) mechanical arm 
in the cargo hold that lifts ptiyloads out and in. An astronaut 
mission specialist and a scientist payload specialist, seated 
behind tjie commander and pilot during ascent and maneuver- 
ing,* now^ wwk at stations on either side of the flight deck, 
conducting checks and- other choreas concerned with experi- 
ment packages carried in. the hold and with satellites to be 
deployed, retrieved, or serviced in orbits 

Over Austral^ji, an hour after liftoff, a pair of clamshell 
doors, split along the top of the fuselage and hinged at the 
sidds, swing outward to open the full length of the cargo bay, 
as big 4s a trailer truck. On this flight the payload to be de- 
ployed is another in a series of. the oldest kind of workaday 
spacecraft, a communications Satellite for relaying telephone 
calls and television programs between continent'Sr. Attachc*d to 
it is a solid-fciel rocket, called an upper stage, tKat will propel 
the sateUite into higher, geosynchronous transfer orbit. There, 
at- 35 900-kiIometcrs (22 3^0 mi)*' altitude ^kfV the apogee 
xnoto^' is fiVed, velocity will exactly match Earth's* rotation, 
keeping the satellite always over the same area of land or 



ocean. 



After a final on-board ch^-out, the satellite and attached 
upper stage'^are nudged' out of the bay by ejection springs and 
left free to drift in space. When the crew has determined that 
the satellite and its upper stage are precisely aimed; and the 
Orbiter has moved of? to a safe distance, the upper stage is 
ignited by radio signal from the Orbiter#B all cross the equator 
over South America. 

Next day—if one can measure time by days in a world 
where the Sun rises every hour and a half — the crew change 
orbit to rendezvous with a 9H)0-kg ( 10-ton) space telescope 
1 4 meters (46 ft) ^tall that was brought up on an earjier 
Shuttle flight. Tiiis huge and powerful observatory has been 
designed both to be serviced in orbit and periodically brought 




At ^ork aloft, fhe OrBU^ prepares to deploy the exciting 
untmnmd Space Telescope. Two space- suited mission specialists^ 
perform a find check, ^ * 



In 
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back to Earth for overhaul and relaunch over ^'lifetiine of 5 
fifteen to twenty ye^rs. Above the hazy, turbulent ^itmosphere 
that blurs the view of telescopes on Earth, the space telescope, 
its five extremely.^ sensitive instruments aimed and focused by 
radio, can see into several hundred times the volume of space 
viewed by the lar^t ground-based ones, observing objects soV 
far aw^ that their light has taken billions of years cb reach lis. 
The data, transmitted by radio and shared" by U.S. and Euro- 
pean astronomers, are used, among other things, to study ^ 
events that happen^ soon after the universe was created, to 
waah for new galaxies being formed, and to see wh^er other 
stars like our Sun also have planets. " 

When the Shuttle's flight path has been matched precisely 
with the telescope s, the manipulator arm ♦is extehciSt to cap- 
ture the satellite and stand it ^P^"^^^ the cargo bayJ Tlie 
pilot Snd mission specialist put on space juits and ccawl into 
the bdy/hrough an.aifiock that lets them out .while keeping 
the air. in the cabin at sea-level pressure. In. the first of two 
six-hour work periods they inspect and photograph the tele- 
scope, open its access door^ and make minor corrections and 
adjustments whil^the scientist, a woman astronomer with no' 
formal astronaut pr pilot training, watches from the fiight 
deck and talks with them by intercom. 

In a second six hours next day, after having. gone back to 
the Orbiter cabin td eat' and sleep, the pilot and^mission spe- 
cialist^ again in their space suits, reenter the bay, remove one 
of tY^ telescope*s kistruments, and replace it with an improved 
model that hadn't been ready for the^ original launch. After 
they have rcmrntxi' again to the -cabin, the telc^ope's various 
circuits and mechanisms are tc*stcxi remotely by the astronomer 
on the flight deck and by ground controllers. It' is then pow- 
ercxl up, liftc»d out of the hold by the manipulator arm, and 
set free again in orbit. Xi^c Orbiter stands by while the crew^ 
make sure all is wwking properly, then pulls aw^ay to prepare 
for its next task. 

After the crew relaxes, cats, and skx^ps, the Shuttle s small 
engines are fired briefly to readjust the orbit and rendezvous 
with a free-fixing spacecraft — ^also brought up on ^an earlier 
flight — that has no maneuvering ability, attitude controls, 
|x>wer supply, data<oUecting equipment, communications, or 
instruments of its own. This is the Long Duration Exposure 
Facility: an cmpt^ . aluminum canister resembling a huge 
Japanese lantern, 9.14 meters (30 ft) tall and polygon- 



6 shaped, its outer surfaces divided into 1)ays that bold shallow 
trays, $eventy-two of them around the p^phery and two on 
,€ach end. The trays, 3 to 8 centimeters (1 3 in,) deep,^ 
some open and some closed over, conrain experiments pro- 
vided by scientists and engineers of U.S, and foreign govern* ' 
ment agencies, universities, and industrial companies. Their 
•^urpf^e is to expc^ various instruments, materials, electronic 
parts, and dust collectors to the space envirorynent— --high 
vacuujii, pear-zero gravity, solar radiarion, c^^mic rays, micro- 
meteoroids — for six months or more. 

The Orbiter moves close to the passive ffee-fiyer, grasps it 
• with-. the manipulator, and hauls it into the cargo hold. The 
crew tdke breaks for meals and sl^p. Then they close the 
. cargo-bay doors, move into their seats, fasten their belts like 
any airline passengers, and prepare to head home. ' 

Half way around the world from the Flc^ida base, the small 
attitude-control thrusters are fired in short bursts to turn the 
spacecraft tail-first. The larger 'orbital maneuvering eftgines 
then are fired for about v^o minutes ^o -slow the ship and 
lowetTCs flight path in a siojv curve toward Earth. H«if an 
hour later, about 150 kilometers up and the ship again Eying 
nose-first, the crew begin to feel the drag of the thin top layer * 
of the atmo^pherel \ ' { * ' 

Now begins the most critical und *demanding part of the - 
voyage- Why this is so was explained* by the dirc*ccor of the 
S^ace Shuttle Program, Myron Malkin, in a vivid ^account 
of the last half hour of a Shuttle flight from here to touch- 
down: 

The Orbiter must change from^ a spacecraft to an- aircraft 
while slowing from its orbital spcedS)f nearly 8000 meters 
a second t(18QD0 mph) to about 100 rfietcrs a second (225 
mph) for landing Above the atmosphere, maneuvering is 
done by firing small rockets in the nO|e and tail; in the 
atmosphere, attitude and direction are controlled by a con- 
ventional aircraft rudder and flaps. At middle sjx^eds and alti- 
tudes, during reentry into the atmosphere, rocket and aero- 
dynamic controls must be skillfully blended, The commander 
and pilot are gided in this tricky task by five computers on 
Tx)ard that decide which rockets should be fired and for how 
long, ancyiow much to move the control surfaces^ to keep the 
craft steady and headed in the right direction. 

Edging into the atmosphere, the pilot uses/the attitude- 
control thrusters to angle the nose up so that the craft pushes 




Spending its speed, Orbiter prepfra to change from 
spacecraft to aircraft. This is the angU of attack used toward 
the etui of the reentry process, ' • 
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ihxo the thickening blanket of air at about a 40-degree aggie 
of oteack, the ' term -aetDnautjlcai en^ use to describe the 
upward sknt of an alrc^aft^s lifting Surfaces in re&don to.its 
•direction of movemeat Air friction heats the Orbiter's heavily / 
ixisuiated -underside to nipre than ICKX)'^ C, and ionizatioiji of 
the surrounding atmosph^i^ blades out commu^cation with 
tl^ ground for sbme seconds^At about 93 k4l9met^r5"^ (58 mi) 
altitude tl:^ aif becomesi^dense. enough so that aerodyruAiic 
controls tak^ hold, and the Orbiter becomes a h^vy glider, 
( Without;fuel lor its main engines^' tha cra^^^^dn't be 
ablq to-go drovind for, a second landing approach hi case of a 
mis<;^tuiation9 as ^ airliner coUldj it carl, however, shii^'as/ 







Final approach sees the Orbiier lined up with its hng runw4^ The same runway can also he approached fzom the opposite dhectio 



tf/ Kepnedy. The runway end used depend^ in part on wind 
^direction. . • * 



NASA has assessed potential emergency runways around the world. 
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a much fts 2000 kilometers (1200 ini) to the right or left of 
its entry path to make an enjci jieiicy landing at any of several 
U.S. airports or military air bases. In such an event, it would 
be ferried to its home base on tlie back of a sj^eially fitted 
. NASA 747 air transport.) 

About 48 kilometers above Karth, the Orbiter's nose is 
pushed down to reduce the angle to about 14 de^^rees. At 24 
kilometers (H mi) height the lipal approach begins, with 
the craft about 92 kilometers (!)7 mi) from the Kenncxly 
Space Center, The great glider .dives for the runway nose 
down at 22 degrees and an airspeed oi a^^U 158 meters a 
.second ( 355 mph). At 520 meters (^1700 ft) the pilot begins 
to flatten the glide to only 1.5 degrees, extends the speed 
brakes, and settles the ship for a landing. At 90 meters (300 
ft) the landing gear goes down/ and seconds later the tires 
touch the 4572-mcter ( 15 000 ft) concrete strip— just thirty 
busy minutes frtuu the spiooth, silent weightlessness of space. 

Immediately after the landing, ground cooling cc]uipment 
like that used for airliners is attached, and the Orbiter is 
towed into a servicing building. Leftover propellants are"^^ 
^ drained from the tanks and feedlines, and any unused explo- 

sive actuators are removed. The cargo iloors are opened, the 
Long Duration Facility is hoisted out, and the experiment 
trays arc distributed to the scientists who will study how the 
contents were affected by their stay in space. After general 
maintenance, work on the Orbijer, a new pay load is lowered 
into the bay. I or the coming flight it is the Spacelab, a com- 
pletely fitted out laboratory, designed and built by memlx^rs 
of' the liuropean Space Agency, in which four scientists can 
work for a week to a month ii\ an Larthlike atnK)sphere 
but in the zero gravity of orbit. 

The Orbiter, with its new payload, is next towed to thd 
Vehicle Assembly Building. originally desigticNi for stacking 
Saturn/ Apollo vehicles. Here'' it is rotated to a vertical 'posi- 
tion and mated with a new External Tank aiul reloaded SoJlid 
Rcxket Dcx)sters?)n the mobil)c launchitig platform. 

trcct on the platform, as big as, a baseball diamond and. 
carried »by four enormous crawler tracks, the space vehicle 

' moves' slowly to the launching pad. More than 700 tt)ns of 
super-chilled propellai\ts arc pumped into the tank, a new 
crew of three astronauts and the four scientists board, and the 

. Space Shuttle is ready, two weeks after its landing, for another 
working; voyage. 

ERIC . , 




Spmi brakes extended (mte split halves of the rtddder), ihf^ 
Orhitcr ivhistles to the runway at tnorc than 200 knots. . 
Cotnputcrs aid the pilots. V " 
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•N OJNTRAST TO THE ROUTmE TWO-WAY TI^FFIC 1 1 

* possible by the Shuttle, evecy payioad sent into orbit for the 
fifist two (ieca^es ql.^e sp^e erar—every bug, plaiu; aad ani- 
mal; every inSin, wojmian <one, a Russigm), and automated 
laboratory — rode' on the n<5se of a one-trip rocket thaf was 
discarded after a workihg ii!etime measured in minutes. How- 
ever cQstlyi# those pibneering ventures into space s^t back 
sQirtliQg news .c^ the universe and brought counties changes, 
for the b<^r"in the wjly^^we live: change in th? economy, in . 
health and safety,, in science ai^ t«ijnd«gy, in educaricn, in 
the protection and use of natural re^oufC^ in nacionai, defense 
'■and intei;nation|il coopecatioa . ' . ' . 

The.&st was a revbiotiott in comniuijication- r 

* Id the middle of the night of July 10, 1962, television relay' 
stations at Goonhiily Downs, O^nwaii, and Pieum«^-Bodou, 
Brittany, picked up a Wack-^d-wiiite picture of an American^ 
flag flapping in the breeze -to the accoiqpaniinent of the Star 
Spangled Banner. The program was a deraonstratioii being . 
transmitted sigrward from ^ huge horn-shaped antenna in 

■ ifaineto a glistening new Earth satellite, Telstar 1, atui down 
to -a receiving dish in Ne\^ Jersey for distribution to US. view- 
ers. Though not intended, the signal also was being bounced 
from Telsfijir across the Atlantic to Efigland and France. 

N^xt day the experimental|/(telll£e relayed the first TV pic- ' 
tures westward from Europe, black-and-whites from both 
Ftance and England, and within a week the first in',cc»lor. Be- 
fore the month was out, mass audiences o nj^t h sides of the 
Atlantic watched with awe the first ;ntefnaWmal exchange of 
live TV. Viewers in Europe saw the Statue of Liberty, a base- 
bail gamte between the' Phillies and the Gubs in Qiicago, a 
press conference by President Kennedy, buffalo |oaming the 
South Dakota plains, the Mormon Tabernacle, Choir singing 
frorji Mount Rushmore. Americans, in turn, got glimpses of 
Bi^g Ben from one 'of London's Thames bridges, the Coliseum 
in Rome, the Louvre in Paris, the Sistine Chapel in Vatican 
City, Sicilian fishermen reefing their nets, reindeer rooming 
near the Arctic Circle in Norway. 

The trouble ^^flth Telstar (and its early successors) was that 
it; could be used only when its relatively low-altitude orbit of 
945 by ^5600 kilometers (580 by 3500 miles) brought it 
within range of both U.S. and European ground stations for a 
few minutes during each 158-minute circuit of the globe. This 
problem was solved the next year by the Syncoms, whose 



\ 



«4 



12 $|>ccil ill tiaulut orbits of -^5 800 kilometers (22 300 miles) 
ftlwvc the ecjiiator kcj)t pace with liarth s rotation, so th^t the 
spacecrult secinetl to hover statioiuu y over the saii)e place on 
liaAh: hence the description as gc\>stationary or geosynchro- 
nous. Thus one satelhtc couKl be uscil continuously by ground 
stations within its view,, which covercnJ ahuost a iliird of the 
^lobe. The Synconis set the pattern for more than (ifty com- 
merciai aud research •communications satellites launched dur- 
ing the next fifteen ^ears. 

Uefore the end o(^'the'l97()s a global commupications satel- 
lite system, Intelsat, was being used by nei<ffy 100 countries — 
from Afghanistan to Ziunbia — to exchange TV news, tele- 
phone calls, and business data. It was continuously expanded 
. to mext a growing dcMuand for services. More than a billion 
people, one out of every four on Earth, could\see a major eveju 
as it happened: "live via satellite.** Worldwide investment in 
communications satellite systems was more than $1 billion, 
and revenues were more than $200 giillion a year. Despite in- 
llat ion, uiternational tel5::phone callus were cl^eaper than A^'hen 
the first .Intelsat Ixrgan service in li>6.^. ^ 

In 1972 (.Canada launchetl the first space relay station >vhose 
;amxould be fixused to fall within a siugle , country. It nowj 
has three such domestit communications satellites and a nei- 
woik of filty ground stations serving tlie entire couiury, in- 
cluding tar northern settlements formerly reached only by 
unreliable radio. Four companies scK)n were operating domestic 
communications satellites in the IJruted States, and a db/en 
other coufuries had them. In some developing nations it was 
rasii-r lo make a -phone call io a city a thousand miles away 
than to the next Ci.)wn. 

Me antime, a series of NASA research satellites deinonstrated 
how space communiiaiiops could be useful for such varied 
purp(xscs as transmitting educational programs and mc^dical 
instructions ilirectly to isolated villages via low-cost IcKal 
receiving statioius providing emergency communications in 
disaster areas; searching for l(^)st aircraft and disabled ships and 
guiding rescuers to them; exc hanging classrtKMU lectures' be- 
tween colleges tluxisands of'miles apart; directing air tralllc^ 
far at sea; and bringing businessmen in diflerent cities faOe-to- 
face electronically for two-way conferences^ saving travel time 
and fuel. " ^ . ^ 

Weather observation from orbit cjuickly followed space 
coiDmunications into everyday operational service to jmillions 



Scanoing fho whole Karth, the LANDSATs ■ 
assessed planetary resourccs,\iful gave dues to 
changes that were taLiun^place, 




Perched jauntily on its atnier 747, Span- Shritth Enterprise 
stops hi Tisiis on its way to the Qipe. Crotvils u erc f^eavy at 
each stop, fof the U.S. public has high expectations for the 
gains to he made by thf new American ipace transport. 
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Qthqr 9aC42UU«rs (a Hvo-ton 
Nitttbus is shown hvlow) stfidied 
behiirior of the afmotpberc. 
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of people artnind the wqrld. Since 1966 the entire Kurth has 
been photographed daily from space, and no tropical storm has 
escaped detectioii and trackin/r. Thousands of lives and billions 
of dollars— there is no way to count them precisely- -have 
been saved by improved foretasts,^-arly storm and flo(xl warn-, 
ings, reports to shippers on wind conditions tif\d iceberg hazr 
ards, advice to larmcrs on when to plants irrigate, fertilize, 
spread insecticide. 

One kind of meteorological satellite circles the globe on 
north-soudi tracki;, kxiking down' as Larth turns underneath. 
Its reports are assciinbicxl by computers in the United StAte^ 
to make a complete picture of worldwide weather condi- 
tions every twelve hours and also are transmitted dircxtly to 
hundreds of inexpensive ItKal stations in scores of countfies as 
the spacc^craft passes overhead. A secon^Ticjnd of weather sat- 
ellite, in geosynchronous orbit, appears to stand ^11 in space, 
keeping continuous waich on^ large area — two of them cover 
all of North and South America and the adjacent oceans. They 
return a fresh picture every half hour, day and night, to pro- 
duce, among other uses, the time-lapse movie strips now com- 
monly seen on television weather programs. 

Besides cloud cover and movements, weatlK-r satellites re- 
port air and sea-surface temperatures, wind ^speeds, atmos- 
pheric pressure and moisture content, rainhiU, snow cover, and 
ice fields. S(^ne collect data from untendcxl sensors and gauges 
in remote areas, at sea, and on bitlloons. The pictiues and 
measurements are used not only for routine 4cKal, regional, 
national, hemispheric, and global forecasts but also to track 
dangerous fast-moving storms: hur^^icanes and shou Uvcd 
severe thunderstorms that may set off tornadoes. ^ 

In the mid-197()s observations of large wheat-jfijf ow ing areas 
of the world from both weather and •natural-resources survey 
satellites were combined with surface information to measure 
acreage and estimate yields irua successful demonstration that 
crop forecasts could be im|)rl)ved with data from space. In- 
formijition was gathereil not only over the United States but 
also over Canada, Russia, (*hin^ Ixulia, Australia, Brazil, and 
Argentina. Obviously, early production estimates made regu- 
larly in this way could be of significant help in planning ftK)d 
distribiuion and avoiding the market shocks of unforesc^en 
shortages and bumper harvests. 

Pictures and computer data from a series of Marth resources 
survey satellites and also from the manned Slcylab space sta- 



14 tion were used in dozens of nvays in the 1970s to help federal 
agencies, state and local g^eraments, regional planning 
duthorities, private industry, and foreign -countries manage 
linnitcd natural resources and monitor the threatened environ- 
m^t. ^ * . ' . " 

Examples: ^ 

• Mapping mountain ^now cover to forecast sj^ing nmoi^ 
* available for irrigation and |^3wer generation; 

. * • I>etecting oil sUckj at sea; ^ "^^m - 

* :^ <pompiling a global aHas of glacie^^^^ I* ' 

* ' • • Making in^ntories of standing timber and gtassla*nds; ' 

• Monitoring offshore dumpipg of sewage sludge and indus- 
trial wastes; 

' Mapping floods to help in evaluating damage and planning 
V . relief; ^ 

• Checking on the environmental effects ef developing new 
' ener^ sources, such as strip mining; 

• Detecting potential earthquake zones as an aid in planning 
future construction; ' ^ t 

• ^feasuting /orest-fire damage and the extent of clear-cutting 

* and gypsy-moch defoliation; 

• Tracing air pollution and lake silting^ - 

• Maying land-use changes' as an aid , to wiser urban pian- 



i 

'iGi^therlag data by satellite is speedy. cold and Jinds 
h^ve pUed*up kt onibe east shore Chesaf^aJk^ Ba^. 




^ Counting and meaning the area of dams and lakes; ' 15 
*• patching giaciecs for signs of japid mpvements that couid 
dam^i^? 'jc^elt and fe&r caiise ^oods; ^ 

• Mapping uncharted * coastal shoals that, could end^n^' 
-shipping; . ; ^ 

• Making, an^ updating othe? maps at^ navigation charts; ■ 
Making low-a^t soil surveys arid geologic" maps- . ^ 
TW savings, compared^ with the cc« of '*aerial' surveying, 7. 

* made mapping from space gttfkctive. New Jersey, for instamx^^^^^ 

^ saved *S!2!*8 miIliop*by using sateilire m3ages.bo,<aitukte^hea<^ 
ero^pn^ 'Another state fcnind th^' fourteen ^space picture* ahd ; - 
one a^d a half man-yearS oi work, c&ting $75 (KX), could 

' produce a land-use map that would have taken 20 000 
craft photc^, forty-four man-years, and $1.7* miUiqn. 

Half a dozen foreign co^tries built their own ground sta- 
tions for receiving transmissions direaly from the Earth airvey 

^ satellites when oVterhead. All the pictures and 4*ta were put 
on sale to anyone anywhere by the U.S. I>sp^rtment of In- 
terior. To no one's surprise, the biggest buyers were oil and 
%iining companies, looking for likely new places to drill and * 
dig; orders w^re strong for information on the v|ist unexplored 
reach^ of Alaska. Clearly, monitoring Earth's shrinking nat- 
ural resources from orbit was the next area of> space acti^ty 
ripe for routine use. Government agencies an4 private groups 
began discussions of how an operational ^rvice, like those of 



Detailed land-use map oLpiirts of four states - , ' * . . ' 

shotts 1 1 categories of //je%mi }^rowth, ifivaliuihle 

to locat ^ovirnrfiefHs avd planners, U was wade in ^ * ■ ' ^ , 

days fror>i LANDSAT data, would have taken - , . 

months and cost 10 to 1 3 times as much if based \ 
on conventional aerial phetos. 
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16 coinnuinications and wcathcr satellites, should be organized 
uiid managed and the information distributed. 

Other Karth-oriented satclUtcs demonstrated S[>ace-based 
navigation for ships and plai\cs; made preiise measurements 
of the globe's si7e, shape, bumps, and hollows;^detecred shght^ 
movements of large land masses — tectonic plates^in search 
" of the causes of eardiquakes; collecteil data on cKean surface- 
winds, currents, and waves; me;uiur<?d the daily heating and 
CiK)ling of axks for dues to oil and nuneral deposits; n^appcxl^ 
' wi)rKl\vide air poUutioji; and — in a demonstration— tracked 
an arctic explorer and his. ilog sled across the North Pole. 
The military services put up their own satellites for rapid 
global communication and recomiaissance to verify arms- 
<;ontrol agreements. , 

lliis quick sketch of American achievement^! in space dur- 
iug the 196()s anil 70s lias emphasizcil activities leading to 
inunediate benelits in daily living. Much of tho*ioney, uian- 
power, amk ingenuity spent on the nation's space program, 
however, during the years of reliance on expendable launch 
vehicles, before the coming of the reusable S^huttle, was de- 
voted to scientific exploration of the solar systeni anct the 
universe beyond and to demonstrating that man can live and 
work in space. 
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NJo longer a total mystery, tho Moon has given tvay to 
unprecedcntvX 'scicntiftc ass<wlf. Here Apollo i^'jr Scof( and 
Irwirfygxplore the Hadhy Apvtwitie site. 




The rcjiults were spectacular aiid^potciiiially rewarding, 17 
-Increasingly coinplcx automata! lalx)ratories, from the first 
-simple lixploicrs to the almo$r-luiinan Vjlcii^js, mapped inter- ' » . 
planetary radiation and jiiagnetit fields; atialyml the turbu- 
lent Sun from above J;ardi'$ obscuring blpnket of air; photo- J. 
* graphed the entire Moon from lunar . orbit, then landed 
liCnily "oil its cratcrc^d surface; observed Venus, Mercury, Mars, . 
and Jupitet closeu(> and sent back hia^jnilicent piccures; tested , 
the Martian ^oil for signs of past or presetu life; and probtxl , ^ 
the heavy atmosphere of Venus down to the pknet's broiling 
surface. Orbiting observatories extcndcxl ^ enormously, the 
depth and breaddi of astrononi|crs* vision and discovered 
mysterious energy so\jirces at incredible distances. New knowl- 
edge of other worlds will lead to better imderstanding of our 
own, as obsmati()iis of other planets' atmospheres are already 
opening fresli insights into the nicclianisms of Earth's weather. 

A succession of twenty-eight U.S. manncxl flights from 
Mercury through Apollo-Soyux proved that |KX)ple can per- 
form useful tasks together in space and survive long periods 
. of weightlessness without serious or lasting harm. The 
Gemini flights worked out the techniques of maneuvering in 
orbit. Apollos herws, as all the world knows, explored the 
Moon first-hand, gathered samples of its soil and rocks for 
*^aiui lysis back home, and set up science stations ..that continued 
to radio data k>ng after the last men left. Three Skylab crews 
produced useful medical knowledge aboiu the body s reaction 
to stress, studi*'d the Sim with a large manned telescope and 
Earth with nudtis|K*ctral scanners sharper than the human 
eye, and demonstrated the possibility of manufacturing in 
xero-gravlty new and better prcnlucts that cannot be made on 
the ground. 



18 The handshake in otbit by an iistronaut of tltc Ui^t Apollo 
and a cosmonaut of Russia s Soyuz symbolized more than a 
promise of futumr inrernational C(K)peration in space. Amer- 
ica s program of the 196()s and 70s was conducted in the o{K*n 
and the results shared with all the world. NAwSA Uunched 
scientific and communicacioiii; satellites for a dozen nations. 
U.S. -spjuec raft carricxl experiments by scientists of twice that 
many countries, including the Soviet Uiiion. Two fiiPndral 
fifty foreign researchers ftom twenty-one nations participated 
in Skylab investigations; 600 jcieiuihc and technical groups 
in more than 130 countries used images from the Landsat 
natural- resources satellites. In a year-long ilemonstration a 
U.S. experimental conununications satellite transmitted edu- 
cational television programs to ')000 villages in India where 
most people had never seen a TV picture. As fhe two decades 
ended, Canada and memlx^rs of the European Space Ageticy 
were at work on major roles in the Shuttle-based Space Trans- 
portarion System. 

Meeting tlw^^time schedules, safety requirements, and per- 
•formance goals of space exploration stretched and {>U6hcxl 
American technology in all directions. Yankee ingenuity had 
to come up with strong new alloys and composites, lubricants 
that wouldn't evaporate in a vacuum, long lasting batteries, 
tiny yet highly reliable electronic parts, ultrasensitive lire de- 
tectors,' more efiicient solar-power panels, compact computers, 
foods that keep, fresh without refrigeration, high resolution 
cameras^ lo\y-power communications ec|uipment. improved 
welding and wiring techniques, miniature sensors, light- 
weight pumps, tough firei^roof fabrii s. The list could go on for 
pages. Thousands of iniiovations iti materials, devices, and pro- 
cedures were described in NASA publications and catalogued 
. in cymputer-tape libraries open to U.S. industry. Hundreds of 
thcm^ called spinofF§> s(K)n \yere turning up in commercial uses 
and medical products from the silvery dome of the Detroit 
Jaons' new stadium to rechargeable heart pacemakers. 

Spending on space projects, including the Shuttle transpor- 
tation system, stimulated the eeoiiomy both directly and in- 
directly. The dollars were not shot off into orbit when they 
might better have been spent on Earth, as some critics liked 
to say, but went mainly to pay workers — more than 400 000 
at the peal< of the Apollo program — in every state. And be- 
cause aerospace wages were relatively high, much of the 
money tended to be passed along promptly, creating more 




Handshake in Earth orhit> above, he- 
tu cen US.A/s Stafford a fi J USSR's Leonov 
symholizvi coopeniiiou hcttvccn foremost 
spacc'fariuf^ fiatiofis. At right, a fuwJ held 
snapshot of Russian S<yyuz spacecraft as 
sceu from a tcindotv of the Apollo com- 
mafid module. 
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jobs. Moreover, as economists have long known, technological 19 
advance is rhc primary source of higher prixUictivtty and 
economic gfowth. High technology indust/ies also- contribute 
more thiu\ others to the nation's export trade, helpmg to oUset 
imports of raw nunerials, minerals, and fuels. 

But perhaps the greatest giit from the space [)ioneers to 
men, women, and children of all nations was a new view of 
their, home planet. President Carter, at a ceremony in which 
'he awarded (Congressional Space Medals to outstanding astro- 
nauts, expressed it this way: . 

We wcnf to tin: Moon, in part, fts a matter of national pride. 
Ikit when wc got there, wc discovered something very interesting. 
Through the <7es of the cameras of the astronauts, we looked back 
at the liarth, alK)ve the .strange hoiizon of the Mcx)n in a pitch black 
sky; we saw our own work! as a single dehcate glolK of swilling 
blue and white, green, brown. I'rom tlie jK-rsixxtive of space our 
[danet has no niitional bomuhuies It is very bcaiuiful, biu it is al.so 
very fragile. It is our special res|x>nsibility to the hunuin race to 
preserve it. Of all the things we have learned from our exploration 
of space, none has been more im^rtaiu than this iKrception of the 
essential unity of our \yorUl. 
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T F AMEkiCA MANAG£D to do SO many things in space with 
. expendable launch vehicles, as recountedTin the previous 
chapter, why .the Shuttle?. The answer begins— tut by no* 
means ends— with the lowered cost of simply delivering pay-^ 
loads into orbiL y 
Freight rates'* for the Space Transportation System are 
based on recovering its operating costs and tl^ U^S. invest- 
ment in the Shuttle fieet and gn^nd facilities, though not the 
(iriginlTresearch and development expense, over a period of 
twelve years. Under the resuiyng price schedule^ the Shuttle 
wifl place satellites in orbit for one- to two-thirds tl^ cost 
of launches aboard the Delta, Atlas-C^ntaur, and Titan rockets 
used fqp.mc^t recent U^, civilian and military missions and 
NASA iaunches for other countries. The expense of keeping 
up a varied inventory of launch vehicles and thei^^diferent 
ground systems is eliminated. Based on traffic projections of 
more than hity Shuttle n^ts a year when the system comes 
, fuliy into use, the launch savings alone could be half a billion 
dollars g year or mgre, depending on inflation. ' - 

Since about SO percent of the cost of space missions has 
been going into pay loads, and only Sbout 20 percent into 
launch cc^, still bigger savings — 30 to 40 percent of total 
pay load program costs — will result from changes in space- 
craft dc^gp made possible by the Shuttle's great cargo capacity 
and by what k can do that one-way launch vehicles can't. 

Thanks to the Shuttle s relatively gentle acceleration, de- 
signers of the spacecraft it carries may be able to use some 
off-the-shelf parts rather than creating and testing costly and 
' rugged one-of-a-kind equipnjent^ Because of the Orbiter s large 
pay load bay and great lifting ability — twice that of the biggest 
expendable vehicle commonly employed — satellites can be 
simpler: less tightly packed, less limited in weight, Standard- 
ized parts and modular components may be used, and virtually 
the same spacecraft can be employed for difl^ei^nt pujrposes 
by changing only its cameras or other sensors, Shuttle s 
ability to check out satellites in space while they are still in 
the Orbiter and again after they are deployed, to repair them 
in orbit, gnd to return thepi to Earth for overhaul also justifies 
designers 'in relaxing some reliability precautions, such as 
redundant circuits. This too saves money. Studies of how past 
spacecraft could have been designed difierently if the Shuttle 
had been available to launch and service jhem showed that 
their -costs could have been reduced substantially. 



Still otfeef 'payload savings are possible. Workipg models 
of instruments intended for long unattended operation in orbit 
can be deployed and left in space for weeks or months, then 
be retrieved and returned to. Earth for examination and re- 
working if necessary. Hiis will improve the reliability of 
future satellites end lengthen, their lifetime at little cost while 
also reducing the time -for development and ground testing. 
Prototypes of new instruments can also be tested in space for 
briefer periods while still attached to the Orbiter, Persistent 
problems can be pursued with early reflights. Satellites can 
be retrieved at the ei^d of their planned mission for refurbish- 
ment and reuse. Or modular components can be replaced in 
orbit, reducing out-of-service time, without bringing back the 
entire spacecraft Satellites can be updated in orbit as tech-. 
nology advances, increasing their performance and prolonging 
their usefulness. 

When- all launches are made aboard the Shuttle and all 
spacecraft are designed to take advantage of its capabilities^ 
there should be greatly reduced risk of costly total failures 

spacecraft operations. Even a failure of the Shuttle Vehicle 
itself need not be. catastrophic: the crew could carry out one 
of the abort procedures described in Chapter 7, landing safely 
with the paylc^d intact. A study of 131 failures of the 1960s 
•and 70s found that seventy-eight of them, related to the 
launch or to malfunctions early in the mission, could have 
been detected during checkout in the Orbjter or just after 
deployment. They were problems that could have been cor- 
rected immediately or by bringing the spacecraft back to the 
launch site for repairs. The other fifty- three were lafcr failures 
or erratic behavior that could have been corrt*cted by retrieving 
the satellite for repair and relaunch. 

An interesting e^fiimf^le was cit^d by the deputy director 
of NASA's Shuttle Program, LeRoy E. Day. Two put of three 
Orbiting Astronomical Observatories launched between 1966 
and 1970 suffered fatal mishaps. A battery charger failure 
after two days on the first OAO could have been corrected 
by returning the satellite from orbit and repairing it. The 
tbkd one failed to reach orbif because the shroud that pro- 
tected it during launch -wasn*t discarded at the right time; 
this would- have been avoided if the Shuttle had been* the 
launch vehicle, since the spacecraft would have 'been carried 
• inside the Orhiter and have needcxi no shroud. The second 
OAO performed beautifully, but even the problems that 



Spa& Shuttle launch costs compared to (d) the Atlas -Centaur 
and (b) the Delta launch vehicle (1973 dollar s). 




Centaur 



Early piggyback flights, and haer drop tests , ufete dom 
cautiously and syiteniasicallyj because of aerodynamic ufmt" 
tainties. Note fairings added 0per Shuttle's main engines, atfd 
the cleatance hurdle imposed by the 747's till stabilizer and 
r$dder. ^ 




occurried bfcyoad is plann^ operating lifetime cgxM h»ve 2$ 
been aarected in orbi^ esctei^g its s^vice, if the Shuttle 
had been avaiB^le ami ti^ si^cecraft h»A bee6 dedgned lor , 
aich maintcxuncc,, ^ - » * ; / 

The Shuttle has c^ier unique virtues. It am be prq>ared 
for launch on reiativciy shoyrt notice. Thus it coul(|^conceivably 
carry out a rescue mission, one Orbitcr bringing safely home 
the crew of another Ofbiter disable in space and unable to 
return. It caxi be sent off quickly on a sp^ial mission to gatb*r 
information i^eded in an emergency on Earth, such as a flood 
or c«>p blight It requires no el^d>orate and ejcpcnsive opera- 
tion at sea to recover the crew^ after each mission, as in Apollo 
and otim pa^ manned flights. Atd it can^take ^^endstsi and- 
engineers into space rcwtii^iy to conduct tteir own experi- 
ments and deserve the results first^^handf to test instnmients 
of thdr own d^ign and make i^miediate adjustments. The 
mission , plao can be changed tluring a flight to a)pe with 
problems or ^e advan^ge of opporttmiti^ 

Both the Orbiter*s large weight and volume capacity and 
ti^ price sdwJtile for Eights coccHirageiise of the Space Trans- . 
portation System by a wide variety of customers, A number 
of i^ecraft b^ mried on the same flight, and sharing 
by different users is encouraged Esqjeriment package intended 
to remain within the cargo bay can be fit^ in with primary 
pay loads. To stimulate early use, rates are frozen for the first 
three years, and are the same for \}S. and foreign commercial - - 
firms; later they will be adjusted annually on the of 
operational experience. A user that books a full flight and 
finds there is some room left over can sublet it Discounts 
are oSered' to shared-fiight customers who agree to fly their . 
payloads ort a space-available (standby) arrangement. Appli- V;. 
cants who propose an exceptional new use of space or .a first- 
time use of great potential value to the public are considered . 
for special rates. NASA has established a small technical 
group to advisq, and help people with Hrtle or m? expedience 
in space research. 

Small self<ontained experiments will be flown as standbys 
for $3,CK)0 to $10,000 (in 1975 dollars), dei^epding on si2e 
and weight. Of the first 250 reservations, a quarter were for 
educational purposes and a fifth were from individuals plan- 
ning to test new concepts in the space environment. Some 
were donated to high school and college students developing 
experiments as part of their academic work. Fifty -one were 
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24^ * from fo^igfl ^3untriesr,»Gennany, Deptoark, ti^ Umted King- 
dom, C^aackj^' Japan, Israel, and Egypt. The pay loads must be 
for research tt dfyelopment— no commercial gimmids. Said 
the di^ctar of NASA's Space Transportation System C^>era- 
tions,^^este^ M. Lee: **We have had to mrn away a few 
speculators who wanted to send up hunks of metal and lafer 
sell pieces a^ souvenirs or who w^ted to ^nd up pc^ge 
stamps anct sell ^lem at high profit." . 

early projections, about half of die payloads will be for 
ISA, about a fcHirtii for the Department of Defense, and 
rest for other U.S. government agencies, U.S. private 
nizations, and foreign governments or companiesjovilian 
rs^ large ivA small, are ^xpeaed to include communications 
orks, research' foundations, universities, observatories, 
stS^e agencies, county and. city planners, public utilities, farm 
iperatiyes, medical r^arch groups and health services, the 
filhing tind transportation industries, oil and mining interests, 
n^iifacturing and aerospace firms, chemical and pharmaceu- 
X iii^X compames^ water conservation ap^ power generating 
^ authoritiW, and private citizens. Dev^c^ing countries can 
i'begi^ spate programs of their own at affordable cc^ts by 
sharing Shuttle missions with other users and flying modest 
payloads that are exposed to space from the Orbitcr, then 
later^ perhaps move up to more ambitious pi-ojects like domes- 
tic commumcations satellites, ^ 

The> returns from America s investment in the new Space 
Transp^ation System, then, come not only from reduced 
launch, s^cectaft, operations, and man-in-space cos«. They 
will come^koVrom both the increased and wider use of 
, space stimulated by ready access to reliable, frequent, flexible, 
; economical two-way freight and passenger service between 
Earth and orbit. And they will come, ultimately, from new 
ways of using space—including uses not yet thought of. 
NASA Administrator Robert A, Frosch^^s{^l?& to a comminec 
V of Congress about changes in the basic approach to space 
flight: 




In a special changenaut ro<^ payloads arersf^vfdmd 

different ones instdled mih the Ua^ delay, / ' ^ / 



For twenty years we have had to reach for the benefits of space 
in small, expensive, pre^ckaged increments, Eacb mission has been 
such an increment, with its long lead time, one-way transportation 
system, weight and volume constraint, demands for reduridancy, 
extraordinary test rigors, and conservative failure margins. . . . The 
early Shunle missions we will see are relatively straightforward 
evolutionary extensions of preserit approaches. ... It will take time 
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affeaing Spa^e Shuffle economks expressed 
Shuffle benefit ever exp^tuUble vehicles. 



before we rcGOgoiie that we can afford in si»ce an appfoacH to 
expefiments sunUsr to ti)c^ we use on the ground^ because of the 
easy ^eseoce o£ tl» human experimecer. supervisor, whnictanj or 
repairman. We will have to ssop thinking in terms of disarm sp«Oe 
missions, each with its own spacecraft, its own control cmter, its own 
ground network, its own clientele. • . . 

^ In parallel with the changes in how wejwill be op^ting in 
space'^^ die implications fc^ what we can do d^:e. P^haps ^ 
best current eiounple in sdoice is diat of the spac^ teleso^pe. . . • 
It is itnportant to realize that astronomers have been {banning for 
the telescope »nce the early '^sWnd that otily die advent erf the 
Shutde revi^Bt for orHsal maintenance has made it^pcacdcal "Hie 
s|»u:e tele^pe is our first facility in space, now ne^ mudi more 
remote from human sthendon than the more limited -instruments 
we have built cm mountain tops luound the world. < « . 

.^^e>>are at diNS bse^oning of another revolution today as iwell: 
one m commimicadons. It would be appropri^ to term this the 
*'second communications revoludon," since the satellite developments 
of the pa^ fifteen years have alrady completely changed domestic 
and intemadonal point-to-point telecommunicadons traffic * . • Just 
around tl^ corner . . « is d^ nott quantum jump in this field. . * . 
The geon^try of the '^fld and the space around it, coupled with 
the techtK)logical capability to build large antennas and supporting 
facilid^ in space while vasdy stmpUfying and reducing ground 
terminjii^2e andlcomplexity, make the possibility *of hemispheric 
interconnections at the ^^CB"* lev^l a r^sty. Concepts of public service 
telecommunications like electronic mail, medi<^. >informad6n service 
delivery, continuing interactive edncatioo^^md broadly based iaforma- 
tion acc^ now await impiementatiod^-^^dslons ^t^ than itech* 
Qological f^Lsibiiity demoostration. 



Designers of commercial coiximuhications satellites are stud- 
ying concepts for future ones that would be four times heav- 
ier than today's and twice as bulky. The larger designs relieve 
many of the problems of packaging antennas and providing 
more area for solar cells for increased power. Jhey should be 
more efficient and more reliable, and proyide additional 
channels. * ^ • 

Frosch spoke also of a "global information system'* based 
on remote sensing of the land, sea, .and air from satellites 
launched and maintained by the Shuttle. think' that rather 
than having individual satellites for individual purposes," he 
said, '*we will more and more see ourselves as Ixiilding a 
multipurpose system of satellites and sensors, with the means 
for broad-scale data transmission and archiving and pro^e^ing 
data into information. This type of system would look at all 
features and characteristics of the entire surface of the Earth 
and Ik atmosphere that can be sensed from space. With this * 
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26 versatility, we woiild be able to provide a variety of^ata to 

• difierent iisers.'* 

High-r^lution remote sensing of natural r^urc^ from 
space will extend uSes of such information timt were demon- 
strated during the 1970s (Chapter 2). Instruments zhcmd 
Orbiters and a new generation of Earth-looking satellites will 
be able to detect crop and timber disease and insect plague, 
map ocean currents ami temperatui^ that affect die movement 
of fish, maintain a worldwide watch on air pollution, provide 
information for experiments in weather modification and bet- 
ter understanding of climate, and forecast global production 
' of several food crops. . 

- The Shuttle also permits r^eanrhers^to extend their inves- 
tigations of how the unicjfUe conditions in space — ^virmally no 
gravity, near-perfect 'jacuum, very Jow vibr^on — mi^t be 
used in manufacturing products that are difficult or impossible 
to make on Earth. Some ideas were tried out in Apollo, Skylab, 
an/ Apollo-Soyu2 and in brief rocket ^^^^ with promising 
results. Government, university, ariS'lridustrial' scientists are 
planning lx)rih untended and hands-on experiments in Space- 
lab (Chapter 8). Most-Qf tliese seek to take advantage of the 
lack of gravity. In weightlessness of space, liquid mixtures 
of materials of ^iffierent densities can be solidified without 
separating, as they would on Eanh, by the heavier ones sink- 
ing to th^ bottom. Liquids may be floated freely during proc- . 
essing without being contaminated by reaction with containers. 
Large, fiawless crystals can be grown without being distorted 
by their own weight as they form. , Future possibilities for 
commercially valuable products include composite materials 
and metal alloys, electronic and optical crystals, new kinds of 
glass, and biological materials for medical research and treat- 
ment. ■ , 

An entirely new activity seen as possible with the ShOttle is 
the building of large structures in sp^ace. Size and weight need 
no lor^er be limited to the payload of a single launch vehicle. 
A series of Shuttle flights could deliver structural members 
or modules to orbit for assembly there. An Orbiter could serve 
the construaion crew as living quarters as well as provide 
electrical power, communications, and data processing. One 
or two electro-mechanical cargo-handling arms, attached to 
the Orbiter, could assist the space-suited builders in moving 
large pieces into place. Because there s no gravity, space struc- 
tures could be very large yet relatively flimsy without coliaps- 



"ing of their own wej^t. Structures* that m^ht be assembled 
in ^>ace include large cdmmunic^dpa antennas, solar energy" 
collectors mi tmnsmitters, manned lalxwitari^ processing 
and m*anufacturing faciliti^ large ^c€c«ft assembly plants, 
warehou^ and refueling and repair depos. One day a Shuttle 
*niaf build an advance base for an expedition to the farther 
shor^ of the solar systj&mu 




Friaion with the thin air- of the upper atmosphere will make parts of the Shuttle OrhiSer glow for a feu^ 
m<wi€7its daring critical reentry process. 



V^E^ BEFORE EVEN THE FIRST SPUTNIK, scientists and 29 
"^ aeronautical engineei^ recognia^d dmt economical, every- 
• day use, of ^ace would require a transportation system em- 
|)loying vehicle that cc^ild make repeated voya^ into space; 
and return, 

Newspapei^ in 1947 carried a series of imaginative stories • 
• describing *'A Trip to the Moon and Back" that showed aif- 
plai^iike rocket ships. In 1954 CdUm magazine publi^i^ 
articles by Wemho: von Braua ai^ his associates popularizing 
the idea and economic advantages of 'Eardi-coK>rbit cargo 
(farriers that would be rKOvered for rep^?ed use. A paper ^ 
given -at tl^ 1958 meeting of the Amerihm Rocket Society 
was entitled **Coinmei*ciai Rocket Airplane: A Connecting 
Link to Manned Space Flight." 

However, die technology needed for building returnable, 
. reusable spatecraft was not yet in hand, particularly knowledge 
of how to design long lived, high-performance rocket engines 
and insulation that wouldn't burn away in ^ single fiery re- 
entry into tiie atmosphere. The urgency of ballistic missiles 
and the perceived need to compete with the Russians in' 
manned flight, moreover, kept American emphasis fh the' 
1950s on conventional rocketry; One program to advance the 
technology — called Dynasc^r, for dynamic soaring, using a 
vehicle that would bounce off the upper atmosphere, like a- 
skipping stone — was begun by the A if Force but cancelled. 
NASA snidied an idea called Head-End Steering/ This in- 
;vo|ycd putting a man-caitying, fiatiron-shaped lifting bpdy on 
the nose of a big rocket of very simple design. . Expensive 
guidance and control equipment would 1^ located in the lift- 
ing body, which could maneuver in the atmosphere after its 
reentry f fom^ orbit and be recovered for repeated trips — but 
the bcK^ter rocket still would have been expendable. This 
scheme was dropped because it didn't seem to offer much 
advaittage over the simpler ballistic-capsule approach being 
work^ out for the Mercury, Gemini, and Apollo programs. 

b/ the early 1960s engineers studying thQ winght, propul- 
sio(% and' thefxinal problems saw no practical way to design 
a single aircraft-spacecraft that would make the trip into orbit • 
by itself with worthwhile loads and return. An economical 
system rcxjuired two vehicles: a reusable cargo carrier plus 
some kind of booster to help it into orbit. Whether the booster 
also should be reusable was debated at length, Juxtaposed 
articles in the January 1963 issue oi Astro^taiHks maga2:ine 



30 emphasized the greater operating economy but higher original 
1^ development costs pf "a winged, recoverable rocl^^^werpd 
launch system,'* ' 

Through the decade uncounted engineers in Eusppe as well 
as the United States pondered various proposals for wholly 
"or partly re^bie Earth-to-orbit transportation concepts. The . 
" European Space Research Organization (ESRO) — now the 
5^ ^European Space Agency — ^initiated studio involving iiuiu^ial 
groups throughout western Europe, titles of sonle of the 
. papers given at a U.S. -European conference on I^w Cost 
Space Transportation in 1967 indicate the wide variety of ' 
ideas explored: "French Concept for. an Aert^pace Trans- 
poner'* . , . "A West German Approach to Reusable Launch < 
Vehicles" , . , '*A British Reusable Booster Concept" . • . "Air- 
Breathing Reusable Launchers" . . , **The Enigma of Booster 
. Recovery — Ballistic or Winged?" . . . /'A Comparison of 
Fixed Wing Reusable Bod^ter Concepts/^ Meantime, aero- 
space technology was being advanced by flight research with 
the X-15 rocket plane and lifting bodies, operational experi- 
ence in Mercury, Gemini, and Apbllo, and the development 
of supersonic military and transport aircraft. A series^of studies 
'for NASA, reported at a Space Shuttle conference in Wash- 
* ingcon in the fall of 196^, concluded that building a reusable 



Concept of a reusable spSL€e^pska( could Uwd like a plane 
is far from wi^, asdra&ngs from 1947 Sacramenco Bee below 
suggest. Many different engimering v^^iations like the on^at 
wigbi, below, were exaP^imd, calculated, and u^ind-tunmUtested. 
Jhe Orbiter 'EntetprisQi fight, is the product of years of develop- 
mens work. . 
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Space transpMtadon system was now biscoming technically 31 
feasible and economicaliy justified, • 

Before even the fii^ Apollo flighty U.S. poUcypIaMeK^w ^f }-: 

shifting their sighs to low<ost use of space for practical , ^ 
,puj^iS^.The President*s Science Advisory Comnaittee in iSi^vi- 
7e^m^ 1967 said: "For the lon^ range, studies shwid . >J 
be made of more economicai ferrying syste^os, p^reaxmably 
involving partial or «>tal recovery and u»/* la September 
1969, two mon^ after ti^ first Moon landing, in a report 
to a group established liy the Prudent to cHuiine the . . / 
future of die U^. space prc^g^m, NASA recommended buiM- |: 
ing , . a low unit-mission-cost ttanspoirtation system that . ; . ? 
would make Eardi-A^ooa;^^ t^asily and economiaLUy ac- ^ 'f: 
edible tcy man for his use for exploration, applications, * . 
science, and technology research." The head of the mamied ^ 
flight program, George E kueller, wrote: **N6 law says space f 
must be expensive." In Matfek 1970 ^ i?i^dent announced V 
that a major ofejective of the space program was to reduce 
substafitially the cost of space operations, A reusable trans- ' ^^^^ ; 
portation system to shuttle between Earth and orbit w^ iden- ^ 
tififed as a way of achieving this. 

Two years of detailed feasibility, engineering, and economic , ; \, 
studies by NASA, aerospace companies, and academi|;|^ps 
focused on a fully reusable two-st^ge, piggyback vehicle that 
would take off vertically and land horizontally. Each stage 
would carry its own fuel in internal tanks. When the first 
stage ran out, the second ^tag? wauld continue its climb into 
orbit while the first returned to land on a runway. Since no 
tanks were to be dropped, the pair couidr take off without ^ 
concern about passing over populated atifas in the early part 
of the flight. ^ 

Each st^e would have a crew of two. The second, orbital 
stage could carry, in addition, twelve passengers, since one 
of itk main jobs would be to ferry replacement crews, as well 
as supplies, to a permanent space station. The cargo bay wouki 
be big enough to carry up modules from which the station 
could be assembled in orbit. Both stag^ would- have new 
high-pr^ure hydrogen-oxygen rocket engines, two or three 
for the Orbiter and ten or twelve for the booster. The engines 
would be capable of repeated use and of being throttled back cC'S; 
to half power to keep acceleration during ascent to less than 
three times normal gravity. This was important for crew and 
passenger comfort and woulci permit carrying less rugged, ' 
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32 and there^^re cheaper^ payloads that'wcHild not be damaged 
by high acceleration and vibration. Engines were recognized 
as the pacing item in the ShuttIcdeveiopa?ent,^ they proved 
to be. . ' 

Two configurations for the Orbiter were considered* One 
had snibHy, straight wings and was designed for reentry at a 
high angle of attack/ which reduced extreme heating from 
air friction but also reduced maneuverability from side to side 
of the descent track that might be needed for an emergency 
landing. The secqpd was a delta or txian^lar mape that, 
could reenter at a lower angle of attack, permitting greater 
cross-Tange maneuvering but also causing greater heating of 
the nose, leading edges, 'and underside of Ihe fuselage and 
thus complicating the problems of deigning adequate thermal 
protection. 'Theeysysjpms analysts, weighing advantages and 
di^dvantages, chose the delta shape. 

^The very success of Apollo in beating the Russians to the 
Moon, and the subsequent trend toward reducing the annual- 
cost of the IJ.S. space program, then forced a major change 
in the Shuttle design. The ultimate operating cost of a iuily 
reusable vehicle would be lower than that of systems using 
some simpler, expendable elements; but the original develc^ 
ment costs would probably have been more than $10 billion 
— 1971 dollars — for two Ihrge piloted vehicles, both possess- 
ing features of a rocket launch vehicle and a super?^|aic air- 
craft. This seemed "more than successive administrations and 
G)ngresses were likely to provide. 

A search for ways to reduce the cost came up with a smaller, 
more efficient .Orbiter with external, expendable hydrogen 
tanks; and the booster's top speed Nvas lowered to permit the 
use of less expensive heat, shielding. These changes cut the 
prospective price about 20 percent but not enough. So both 
the liquid oxygen and liquid hydrogen tanks wpre removed 
from the Orbiter in favor of a single expendable combined 
tank, divided to carry both propeilants, further reducing the 
Orbiter s $izc and development cgst but* not its performance. 

With the Orbiter configuration essentially settled, the final 
major decision was to resolve the booster issue. Charles J. 
Donlan, a leader in these studies, hp described the interlock- 
ing engineering and economic tradeoffs and choices: 

Partly to save money and partly because of worries about 
the safety of the booster crew iti the event of a malfunction 
or aborted flight, the planners decided to give up the manned 



One of dozens, ^he Orhiier design of right bad some cbara^* 
teristics of the one chosm, Shawn b$low df4twings of the 
contpleie Uiun$b vehicle now preparing. 
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ter. An unmanned one then present the choice of liquid- 33 
peilant or solid-fuel rocket motors, liquid engines in a 
ries-burn configuration; where the Orbiter engines would 
jbe ignited after the booster had shut down and separated, 
were compared with solid rockets that would be ignited simul- 
taneously with the Orbiter engines at liftofi and bum in ^ 
parallel during the initial ascent ^ # 

Because of the hi^ price of | liquid-fuel booster, it would 
be important that each one be recovered, refurbi^ed, and 
reused. This was nor so critical fo|: the cheaper solid-fuel 
rocket In effect, the cost of discarding a liquid booster would 
be so much greater than discarding a solid that its use would 
impair the ability of the Shuttle to maintain the low cost of 
recurrent operations that was its njajor objective. Recovering 
a liquid booster would also be more complicated and expen- 
sive. Most of ail, while the cc^t per flight would be higher 
with recoverable solid boosters and an expendable hydrogen- 
oxygen tank (fueling engines of a recoverable orbiter) than 
with the fully reusable vehicle originally favored, their choice 
»«\vould cut the program development cost almost in half. In the 
face of tight budgets, the decision seemed obvious. 
On January 5, 1972, the President stated: 

The United States should proceed at once with the development of 
an entirely new type of space transportation system designed to help 
transform the, space frontier of the 1970s into familiar territory, 
easily accessible for human endeavor in the 1980s and *90s, ... It 
will revolutionize transportation into near space by routinizing it 
... It will take the astronomical costs out of astronautics. . . . This 
is why commitment to the Sf^ce Shuttle's program is the right next 
step for America to take. 

Separate solid-fuel rockets for abort from the launch pad' 
and flyback jet engines for the Orbiter were later dropped 
to simplify the design and save weight, but other changes were 
minor through ^^ven years of development, elaborate testing, 
and initial production. 

The three-part configuration sclcx:ted by NASA on March 
15^ 1972— reusable Orbiter, partly reusable Solid Rocket 
Boosters, and expendable External Tank — is essentially the 
Space Shuttle of today. 
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TQeSPITE TH^ FIRE AKl>.THUNDER of liftoff €nOf-- 

the easiest part qf the Shuttle's joiiroey. It I9II0WS a fainiit^r<> 
pattern tested by. earlier manaed fiig)it$ h&ndj^ of un^;J 
xnanned'pntS: simply dropping oflF;pgr<5 iif the v^hicie^^os ihey 
jrun out of fuet while the rest continues* into orbit. ' ' • 

lliefirsttogoarethe'SQUd'Koc«f Bdc^j^ ; 

Standing 45.5 meters from nozzk tp' ipse; an<;^ 3.7 mettrs in 
diamettt ( 15Q ft by 12 ft^, th$ .^ioos{ers are att^hed near 
their ends to the 'External Tank, sli^tly talfer am} tWice as 
fat^ whidb^h turn is ^ttadied to the Ofbiter. A Shuttle bo^t^^r 
k the lar^^ solid-fuel rocket ever flown, di^ 6rst built for 
use on a mami^ spacecraft^ and first designed far rei:tse. tt 
is assembled from sexless segments of liaif^inch steel, lined 
: wth heavy insi^ation, that are filled with propelknt at the 
manufacturing:^ site in Utai^ and shipped on railtvay 0at cars 
to the' Kennedy^ Space Center for assembly---<)r, f5^ s^ 
north flights^ Vandenber^ Air Force Biise north ol Los Angefes. 

Jh^ propellant looks and feeb like the hard rubber of a^ 
• jtypewtiter eraser. It is a mijecure of aluminum powder asiuei, 
aluminum perchtorat^ powder as oxidizer, a dash of iron 
oxide as a catalyst to speed the burning rate^ and a "polymer 
binder that also serv^ as a fuel it is not sensitive to ignition 
by static, f riaion, or impact; and it will not detonate during 
storage. The case segments are leaded from a^ ^gle lot of 
raw materials to mftUmize any ^thrust imbalance between ^ 
pair of boosters used for a given Shuttle flight.. 

%Qr launch, the propellant— 500 (XX) kilogfams < 1 iOO 000 
lb) in each booster — is ignit^hd by a small; rocket motor. Flame 
spreads over the exjxjsed face of the propellant in about 0.15 
second, and the motor is up to full operating pressure in less 
than half a second. As the propellant burns, at a temperatuft^ 
of about 3200^ C, huge quantities of hot gases speed through 
the no22le, which restricts their flow and increases the pr<*s- 
sure, producing thrust as- they spew from the exit cone. The 
two boosters* thrust of 5 200 000 pounds augmehts the 
1 125 000-pound thrust of the Qrbiter's' three main engines 
through the first two minutes of ascent. The propellant is 
shaped to reduce the thrust brie% by about a third at 62 
Seconds itOo the flight, to prevent overstressing the Shuttle 
vehid^-^during the critical transonic perjod of' maximum 
dynamic pressure. ^ 

The nozzles, each 3.76 meters (12 ft) in diameter at its 
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opening, can be swiveied hydtauHcaliy up to 6.65 degree oa 
command by the Orbiter's guidance computer to contfpl4he 
directipn of thrust With similar swivcHng'of the Of biter 
main engines, this steers the entire" Shuttle vehicle- The outtide 
of the boosters is insuktecl against the heat of air friction and 
the, blast of the Orblter engines at separation with an ablative 
material that buros away in temperamres ;<hat reach 1260° C. 

After ^burning but,' the SQix4 KOcket Boosters are cut loos^ 
from the External *t^k by electrically fired explosive devices 
and are movoi aw^y by small rocket separation motors, four 
near the nose of ^ach and four aft, fired by command from the. 

. Orbiter. the spent boosters coast upward and then. fall Earth- 
ward^for almost four' minutt*s^ reaching a speed of 4650 
, kilometers an hour (2900 mph) before being slowed by 

• atmospheric drag. From about 4 J kilometers <3 mi) ea^rh is 



Huge External Tank feeds fuil imd oxidizer }o the ibf00 
'4ngines until spacecraft is just shy of orkisal veiocUy, 
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lowemi by a ^uc^sion ol i^achut^ ti^ mains 35 - 
mereis diameter ( 115 It), deployed from the nose on signai 
from a kifomen;ic-^ressure switch, to a splashdown o| abc^ 
95 kilometets an hour, (60 m|ih)v 

Since ti^ empty rocket enters tfe« water with the nozzle 
down, air is trapped in the upper ^id to float it upright tmtil 
one of two recovery v^sek, summoned ^y a radio beacon and . 
flawing light, at^ches'lin^ to tow/xt back to ti)^ launch 
center. There the booster is taken apart and tl^ rocket seg*. 
ments are shipped to the Umh facK)ry, where they are cl^m^ 
tmt, insp^rted for aacl^ pr^iire^ce^ed, j^iined, reloadedi and 
reshipped to the si^ Wl^n the rocket throat and nozzle 
also Have been reilned with ablative insulation, tl^ para^iutes 
washed and repacked, ami other parts refurbished o^ rq>laced, 
the booster is reassembled to fly 'again* The main structure. 
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directional controls, and electrical sys^m are planned for 
twenty fligkts,*thc recdvery system for tea 

The second eiement of the Shuttle that is discarded during 
ascent to orbit, and the only major fJart not -used again, is the 
External Tank. As tail (46.8 meters) as a fift^n-story build- 
ing and as big (8.4 meters in diameter) as a farm ^ilo, the 
tank contains the liquid hydrogen and liquid oxygen xhat fuel 
the Shuttle s three main engines in the stern of the Orbiter, 
and forms the backbone of the entire vehicle during launch- 
The tanks are built in, a former Saturn plant near New 
Orleans and shipped by barge to the launch sites, those for the 
West Coast going through wthe Panama Canal. • 

Made of aluminum alloy upSo 5.23 centimeters (2 in.) 
thick, the External. Tank is actually two propellant tanks 
connected by ^ cylindrical collar that houses control equip- 
ment. The trose curves to a point tipped by a lightn^g rod. 
The forward tank is loaded with 529900 liters (140 00Q 
gallons) of liquid oxygen, chilled to minus l47.2^ C, weigh- 
ing 603 983 kilograms '( 1 330 000 U) . The one forming the 
aft section, two and half titles larger, contains 1 438 300 
liters (380 000 gallons) 5>f liquid hydrogen at minus 251^ C 
This weighs only 101503 kilograjpis (223^t)00 lb) because 
/ liquid hydrogen is sixteen times lighter. 

The tanks outside skin is ipsulated with spray-on polyure- 
thane foam that reduces heat transfer into the tanks that 
could cause excessive boiling of the propellants. It also helps 
prevent the buildup during launch preparations of ice that 
could shake loose in flight and damage the Orbiter. An 
ablating material that chars away protects the tank s bulges 
and projections from friction Keating during ascent through 
the atmosphere. ' 

Horizontal baffles in the oxygen tank prevent sloshing that 
could throw the vehicle out of control, and anti-vortex baffles 
like fan blades in both tanks prevent the formation of .whirl- 
p^x>ls thixt could let gases, ratl>er than liquid propellants, inta 
the 43.18-centimeter ( 17-incljj pipes that carry 242 OOO'liters 
(64 000 gallons) a minute to the engines, Propellants are fed 
to' the engine pumps by the pressure of gases formed by con- 
trolled boiling in the tanks and, during flight, by vapori2ed 
propyl lant gases routed back from the engines into the tanks. 
For cost saving, most of the fluid controls and valves are 
located in the reusable Orbiter rather than the expendable 
External Tank,. 



Wi^ the needed orbital velocity cdrejully computed, and 
the External. Tank cut free, maneuvering engines nou^ bri^g 
the Orbiter up to ihe exact speed need^ fdr tt^ mtsstdi. 




After ihe Solid Rocket Boosters sef^u^ at 30 kikmms 
<31 mi) aldtudle, the Or bicer» with ti^ niain engine still fir- 
iag, carr^ ti^ Ekt^aal l^dnk to oc^ital velocity at about ; 
113 kilometets (70 mi) gbove Earth. There, ei^t minutes 
after takeoff) the aow-empty tank separate aini falls in a 
planned tr^fectory into the Indian Ocean on nussTons from ihe\ 
Kennedy Space Center or tb? South Pacific on Hi^ts from 
Vandenberg Air Force Base in California. Venting of un^scd 
<^^n controls the thank's rate of tmi^ling to pi^ent skip- 
ping when it hits tte upper atmosphere and to a^ure that it 
will ht&k np and fall within die designated ocean areas far 
from busy shipping lanes. ' 



^Wwiy^ temperatufe-resist^int windows give astro- 
fmuts a view tsi::^e jfont. 
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^Hfe OsBiTER, which all Other elements of the Space Tms^ .41 

pomtion System support or depend on, iool^ like an air- 
plane and acts like one during the last minut^ of flight 
But it is far mote complex thaii .the most sophisticated air- ^ 
craft: forty-nine engines, twenty-three aiitennas, five com- 
puters, separate sets of contcols for flying in space and in the 
air, electric-power generator that also produce drinking water. 

The thick-bodied, deito-winged aerospace craft is 37 meters 
long, has a span of 24 riieters ( 120 ft by "SO ft), and weighs , 
about 75 000 kilograms empty :< l65 000 lb). Its cargo bay, 
183 meters long and 4.6 meters in diameter (60 ft by 15 it) , 
can deliver single or mix^ paylc^ds of up to 29500 kilo- ' 
grams (65 000 lb) to orbits of up to 370 kilometers altitude, 
or smaller loads up to IliO kilometers (230 roi to 690 mi). 
It can bring payloads of 14 515 kilograms (32 000 lb) back, 
to Earth; and it can. carry out a Vari^ of missions lasting 
seven to thirty days. It normally carries a c^ew of three astro- 
nauts and one. to four ^^ientists or technicians to manage 
the payic^ds, ^' ■ , 

Tlie airframe is mostly aluminum protected by reusable 
surface insulation. The main seaions are the forward fuselage, * 
containing the air-tight crew module; the cargo<arrying mid- . / . 
fuselage, with iull-length overhead doors; the aft fuselage, 
including the engine thrust structjire and the body flap that - 
controls the crafts pitch in atmospheric flight and shields the j 
main eagines from the heat of air . friction during reentry; 
the wings, wh\ch house th^ main landing 'gear; and the vertical 
tail ^ ^ ^ 

The forward fuselage Is made of aluminum alloy panels, 
frames, and bulkWads^ with window friunes of machined 
parts attached to the strup:ural panels and frames. The crew 
modvile, which will be described more fully in the next chap- 
ter, is machined alCiminum alloy plate with integral stiffening 
stringers. It has-ti side hatch for normal entry and exi? and an 
airlcKk from the crew living dcCk .into the unpressurized 
cargo bay. 

The mid-fuseiage is the primary load<arrying structure 
between the forward and aft fuselages. The skin is .mf<;hined 
and honeycomb-sandwich panels and the frames a combina- 
tion of aluminum panels with riveted or machined integral 
stiffencrs and a truss-structure center section. The upper half 
consists of the cargo hold doors, hinged along -the sides and 
split at the top ccnterlinc. Made of ^raphite-epoxy composite 
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42 '^ frames and honeycomb panels, they itKorporgte radiators tbat 
are expc^ed to space when the doors are open to>dis&ipate h^t 
from electrical equipment in the.Orbiter and payl<^s. 

The aft fuseiage structure, which carries the toain-engine 
thrust loads to the mid-fuselage aiid, during' ascent, to the 
External Tank, is a machined aluminum panel widl a truss- 
type internal structure of titanium rdnforced with boron 
epoxy. The wings are constructed with a corrugated spar and 
truss-type rib internal arrangement and skin-stringer stiffeneJ^ 
aluminum alloy. The vertical tail is^ two-spar, multi-ribi 
stiff ened^skin box of aluminum alloy bolted to 'the aft fuselage 
atjPthe two main spars. The rudder and speed brake assembly, 
divided into upper and lower sections, is aluminum honey- 
comb panek ^ 

Insulation tough enough to protect the Orbiter and itS crew 
from the searing heat of repeated reentries had to invented, 
IriT^Iier manned spacecraft, thermal buildup was controlled' 
by shedding glowing bits of the heat sKSSB^tseif. But NASA 
asked for materials that would last, through 100 missions . 
before replacement, and eflfective enough to protect the alumi- 
num substructure beneath for 500 missions. The answer was 
a special tile-like insulation that reflects away heat- so effec- 
tively that when one side is cool enough-to hpld in your bare 
hands, the other side can be red hot. ' 

Two types of insulation cover thfe top and sides of the 
Orbiter: blocks of silica fiber with a glassy coating and flexible 
sheets of nylon felt coatc*d with silicone. The tiles, around 
2.5 centimeters thick and 20 centimeters square ( 1 in, by 
iVs in. square), protcx:t the aluminum surfaces up to 650'^ C, 
the flexible insulation up to 370 C The coating gives the 
upper part of the craft a nearly white* color and- has optical 
properties that reflect solar radiation. Similar tUes with a 
different coating protect the. bottom of the spacecraft and the 
leading edge of the tail up to 1260^' C The higher-tempera- 
ture coating gives the underside a glossy black appearance. Top 
and bottom, there are more than 32 000 of the tiles, for which 
the Orbiter has been called ''the. flying brickyard/* The nose 
and leading edge of the win^, which get hottest of all* are 
covered witli a material . called reinforced carbon<arbon 
(carbon cloth impregnated with additional carbon, then heat 
treated -and coated with silicon carbide) that protects them 
up to 1650" C 
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Bulk alone is a scant clue to differences ip these three engines. 
The F'l was in Saturn V*s first stage, used kerosene, afid had 
to work for minutfs; the second- and third-stage J-2 used 
hydrogen, also bad a short design life. Shuttle engines (SSME), 
vastly more efficient, last flights bejoi/e overhaut 



Hie Orbicer's three main eogioes^ develop^ by ^ MaX'*^ 
shall Space Fllghe Center, whkh crami che gfeat Sacuro V 
Moon rockets, are the most advanced rqcket en|iii^ ever 
built and die dedgned for repeated Kuse. l^dir thrust 
for weight is the highest of any engine yet developed, and 
thqr can operaor for up to seven atui a half hcHsrs of accumu- 
late firing tirae — fifty-five flighc5---tefore a major overhaul 
Four and a durd meters tall and 2.4 n^^rs in diameter at 
the fiare of the nozzle ( 14 ft by 8 ft), each produces 375 000 
pounds of thnist-^-equivalent to abcxit six and a half million 
horsepower- — at the ra?ed power level used for most launches 
and 470 000 pounds thrust in the vacuum of space* The thrust 
can be varied from 65 to 109 percent of rated power to tailor 
the performance to difierent Ic^uis and to kesp acceleration 
within comfortable bounds. 
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Space Shuttle - 
engine' 

Mounted on the Orbiter aft iuselage in a triangular pattern^ 

the three engines ''can swivel 10.5 degrees up and down and 

8.5 degrees from side to side during flight to change the 

direction of their thrust and, with the two Solid Rocket Boost- 

> 

ers that assist during the first two minutes* steer the Shuttle 
as well as push. They continue to burn for six minutes after 
the boosters are dropped off, each minute drawing about 
47 000 galloss of liquid hydrogen aad 17 000 gallons of 
liquid oxygen from the External Tank. 

The 43ropellants, ignited by devices similar to spark plugs, 
arc burned in two stages, being partly combusted at relatively 
low temperature in preburners and then completely burned 
at high temperature in the main combustion chamber of cath 
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46 engine. Pfopeilaats are fed luider high pr^aaare by turbine 
pumps df ivea by hot gases from the pieburners. Operating 
pressure in the* main combustion chamber is 3000 pounds per 
square inch — ^^four tiixles^ that of previous rocket engines— as 
the fuel burns at 3515° C - 

Each engine is controlled through a pair of computer 
(primary and backup) that monitor its operation. They com- 
pare actual with prb^ammed performance fifty tim^ a sec- 
ond; automatically correct any problems or safely shut down 
, the engine; receive commands from the Orbiters guidance 
and navigation computers for engine ^tart, throttle changes, 
and shutdown; 'and keep a record of tiie engine's operating 
history for maintenance'^purposes, 

Tw6 orbital maneuvering engines irt ^xterhal pods to ^e 
left and right of the upper main engine each produ^s 6{XX) 
pounds of thrust to speed the Orbiter up to orbital velocity 
after the main engines^ shut down and the External Tank 
drops ^way. They also supply energy to change orbits, rendez- 
vous with other spacecraft, and return to Earth. They burn 
monoraethyl hydrasune as the fuel and nitrogen tetroxide as 
the oxidizer, which ignite on contact when mix^ requiring 
no starting spark. Propellants are force-fed to the engine 
■ * from separate pairs- of tanks in each pod by pre^ure from a 
' tank of gaseous helium. The engines can be used separately 
or together anfd can be swiveled plus or minus 8 degrees to 
control dje^f biter s direction. They^-afe designed to be re- 
usable for IQD missions and are. capable of 1000 start^ and 
fifteen hours of continuous firing. 

Batteries of small rocket engines, called reaction control 
thrusters, in the Orbiters nose and near the tail provide atti- 
tude control in space and precision velocity changes for the 
final phases pf rendezvous and docking or orbit corrections. 
Along with the ship s aerodynamic control surfaces, the/ also 
* control its attitude during reentry into the atmosphere and 
at litgh akitude. In the nose are fourteen primary reaction 
control engines, each of 870 pounds thrust, and two vernier 
engines of 25 pounds thrust for fine tuning. Aft, twelve pri- 
maries and two verniers nestle in each pod beside the maneu- 
vering engine. Their propellants are thc^ same as for the 
maneuvering engines, and though the reaction control thrust- 
ers have their own tanks, they can also draw on those of the 
maneuvering engines. Each primary engine is designed for 
100 missions, 50 000 starts^ and 20 000 seconds ofrcumulative 



Meticulous imfoU^ion of hga^-r^sis^afii files is 
fidssy. Almost no two $il^s are dike; their backs are 
CQu(Oiir-ma€bin0d. 0osen0ss of fy wi^ migbinfT' 
iftg tiles is criSicaL 
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firing, each vernier engine for ICX) missions, 5(X) 000 starts 47 
and 125 000 seconds of fifing. . 

Internal power for ^le Orbiter is supplied by separate 
V electrical and hydraulic systems. Hydraulic power is generated 

by three pumps geared to gas turbines driven at 74 1^ revolu- 
» tions per minute by the decomposition of hydrazine as it . 
passes over a catalyst bed. Hydraulic actuators move the ele- 
• vons (wing flaps), body flap, rudder /speed brake, main- 

engine valves and swiveiing mechanisms, landing gear, wheel 
> brakes, nose-wheel steering gear, and devices that disconnea 

- the propeilant lines from the Bcternai Tank to the Orbiter* 
on separation- 
Electricity for everything ei^, from computers to the pay- 
^# loadrmanipuladng arm, is generated by three fuei<eii power 

plants. Developed in earlier manned flight pro-ams, fuel 
Main gear touches as the Enterprise comes in / cells generate direa current through the electrochemical reac- 
deoiU stick from an early Unding tes$ at Edwards tion of hydrogen and oxygen. Electrical power needed may 
Air Vorce Base. Nose wheels will soofi touch. ^ 
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vary fropii'^2() to 30 kilowatts durinj^ the tcn-miiiute oScXMit 
to orbit atid the liulf hour of reentry and landings when most^ 
payload equipniciit is turiied off or on standby, up to an aver- 
age of 14 kilowatts and^ peak of 36 kilowatts when tlic 
e^iuipnient is in operation in orbit. A valuable byprmUict of 
tlic fuel cells i,s drinking water for tlie crcw^atul p4issenger^s^|J 
, I'he Orbiiers cavernous cargo hold, with payload attach- vfiT 
nient points, alon^its full length, is adaptublo^ enough to 
accoinniodanfaTniany as five unmanned spacecraft of various A 
sizes and shapes on a single mission, instnunents that view 
Earth or upper space from within the hold when the doors 
are open, small .self-contained experiments for a variety o£ - 
users, or a fully equipped manner! scientific laboratory, Space- 
lab, described more fully in Chapter 8. The Orbitcr supplies 
them with cicatrical power, fluid and gas utilities, heating and 
cooling, data transmission or storage and displays for rhe pay- 
load specialists aboard, and comnumications with ground sta- 
'(ions. Tor instruments that make their observations from | 
platforms in the payload bay, the Orbiter s computers t\0 
the small vernier attitude<ontrol thrusters to maintain pointf*^^- 
ing accuracy within half a degcc*. 1. 

Using radar, the Orbiter can rendezvous from 560 kilo- 
meters away (350 mi) with a c6t)perative target, like tlif 
space telescopi;, or from about 20 kilometers (12 mi) with 
a passive one, like the Long Duration Exposure l-acility, both 
described in Chapter 1. Voice conmiunications, television 
signals, ^d scientific and engineering data are transmitted 
and received on five frequency bands through seventeen to 
twenty three antennas, depending on the mission, to and fiK)m ^ 
free-flying spacecraft being deployed, serviccxl^ or retrieved; ^ 
to astronauts working in open sj);icc. in their pressure siiits 
.and maneuvering backpacks; to two tracking and data relay 
satellites, to be launched on earjy Shuttle operational flights; 
and directly to ground stations for use by controllers and 
experiiiii^nt^jmanagc^rs at the Johnson SjiaccTrentcC 
^dard Space Flight Center in Maryland, and the Jet Propulsion * 
Laboratory in Californjj^^, '-'^^ • 

Satellites can be lifted .out of otliauled into t|ic c^Ugo hold 
with a^ manipulating arm controlled remotely from the Orbiter 
flight deck. A s^jecorKl^fUTjitah be installed (^n thfi other side 
of the hold fiu^tiijiissiotts on which vcfy larg<; or awkward pay- 
loads must be handled. Designed, devcMoped, and built by 
Canadian industrial firms under the dircxtion and funding ^f 



Cargo Ui\y,is ^ulapfabh fo aninfiuitv variety >6(^ipk$. TJtti^^s ihe 
load ptanti^d f^r second expvntmniiil 0rbiti$l 0i0)t, s j^^^ 
of iesi insirumcu$s, ' 



\l the National. Research Council of Canada^ die manipulator 49- : 
;^ is 11 robot hiiman arm» 15 meters' long (50 ft) wjltli joints 
at the shoulder^ elbow, and wrist, each operated by six electric - / 
motors. It ends ia a device that enginc^jrs call the 'end cfFcc-^ 
tor'' that can take hold of a spacecraft to be deployed or . 
—grab one ilying p^tsidcrTclcvision ramcras on the lower arm 




and lights in |the cargo bay help the a?5tronaut mission sfpeci^l 
ist guide the arm's moyeQients froiiu a-statioa on die fl^ht ; 
deck. The arm could be used to rescue die cre\y from a dis^^^g^^ 
abled Orbiter or to help assemble structures in space* There ' 
is no doubt that this ingenious c|ectro-mechanical extensiotir^*^* 
of men's brain and muscle will perform valuable service in 
years to coAe. What is vastly less t:ertain is that ..we wi^l : > . < ; 
*4A<:f ualiljr call its h^ind an 'Vnd effector.'' : 1 : ^ • \ 



TVfuhimission mUiUiti>'$esfig^deplo!yed by ^h^ Orbiter is a new idea: r.^ 
* a b^sic geueraV-purpose 'saieliife thtf^ can ' be tailored (andiretailored) 
for i^iany difleretU jobs. U will redtfce the Ififib costs of satellites. 
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y^NGE run shuttle has completed its trial voyages, the ^i 
of those who may go into space wiil be greatly en- . ? 
larged. No lorfger will travel beyond Eaith*s security blanker 
of atmosphere be restricted to a select populatioq^^of physi- 
cally perfea and intensively trained astronauts. 

Acceleration str^es felt by "the Orbiter's crew and pas- ^ - 
sengers during launch and ascent to. orbit arc neyer more than 
thfee times norniai gravity^ only a ti^rd bl the p^aks hit on 
earlier manned flights and well within the physical limitations . 
of non-astronaut scientists and t^hnicians, Who now cangg^^ 
into space 'for the first time to tend their own exportfiients 
there aijd observe the remits, Tte spacious cabin cubic 
metei^: 2500 cu .ft) provides separate working ^d iivilfg 
quarters supplied yith ordinary air~^22 ^cent oxygen; 78 
percent nitrogen — at standard sea4evel pressure of 147 
pounds per square inch and comfortable temperatures of 11 ° C 
to 21 ""C Theihumidity is controlled, and pdors and carbon 
dioxide are continuously filtered out^ ' • 

The upper section of the cabin is the flight, deck, from, 
which the Shuttle is controlled and most payloads are handled. 
It somewhat resembles the»cockpit of a DC 10 jetliner. There 
is .a conventional pilot«copilot arrangement of forward-facing 
seats for the ship commander (on the left) and, pilot, TV-like 
display^nd duplicate sets of conventional- looking hand con- 
trollers, pedals, levers, and switches with which either astro- 
naut can fly the craft alone. During ascent and return the 
mission specialist, who is afso a NASA asti||iaut, and the 
non-astronaut payloid specialist, if there's one along, sit 
behind th^pilot and commander. [ ^ 

Behind and alongside the seats are four standup duty sta- 
tionsr two facing aft with windows and a windowiess one 
along each side of the deck, where the crew and pay load spe-. 
cialist work while in orbit. Looking aft. on the left is the 
rendezvous and docking station, usually occupied by the com- 
mander, containing radar displays and controls for maneuver- 
ing the Orbiter close to another spacecraft. Alongside "^t, to 
the right, ;is the p^yl^^^ handling station, with displays and 
controls to manipulate, deploy, release, and capture payloads. 
The crew member at this station, usually the pilot, can open 
and close the payload doors; deploy the cooling radiators; * 
deploy, operate, and stow the roanipulator arm; and operate . 
the lights and television cameras in the payload bay. Two 
1*V screens display the pictures from the rcmiote cameras. 
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The mission station^ just behind and to the rjght of the 
pilot's -Seat and occupied By the mission specialist, contains 
controls to manage the Orbiters. interconnections with pay- 
loads and their equipment that is critical to the Orbitcr s 
safety. The station is equipped to monitor, command, contjol, 
and cpmmunicate witii payloads attached to the Orbiter 6r 
flying nearby; a caution and warning display alerts the crew 
members to^ malfunctions in payioad contponcnts*. Orbiter 
functions that are not immediately critical to the flight can 
also be managed from here. 

On the opposite side of the flight deck, behind and to the 
left of the commander s seat, is the payioad station, occupied 
by a payioad specialist whcfT/TBc mission requires one. Pay- 
loads are checked out and rrialiaged*from here^nd the station 
includes a surface two meters square for removable displays 
and controls that can be changed for different payldads on 
different missions. A cathode-ruy-tubc display and keyboard 
fc^Tornmunicating with payloads through the Orbiter s .data- 
processing system may be added. Electrical power and air- 
conditior^^Rg for payloads that need them arc regulated from 
this statioti. 

The Shuttle*s flight is controlled by what aerospace engi- 
neers call fly-by-wire: there are' no old-fashioned rods, cables, 
or hydraulic linkages. Movements of the pilots' han^l control- 
lers and pedals are converted into electronic signals and, like 
the programmed instructions for automatic flight, are routed 
through cotnputers. The computers relay commands to the 
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engines and attitude thaisters. during l^tunch, ^^nt, orbital 
operations, and reentry or to the hydraulic actuators that 
operate the elevon flaps, rudder, and speed brake during de-^ 
scent and jading. Dat^ on the vehicle's performance, attitude, 
position, acceleration, velocity, and direction flow to cockpit 
displays and to the computers from rate gyros, accelerometers, 
star trackers, inertia! measuring units, thrusters, thrust-direc- 
tion controls, air-speed probes, radar altimeters, and air navi- 
gation and microwave landing systems. Four computers 
(there's also a backup one) process the same data simultane- 
ously. Each compares its computations with those of the 
others and agreed-upon commands are sent to. the appropriate 
control actuatofvl^ and wh^ .there is disagreement, th^ ^o^-_ 
puter^ ^in effect vote, and commands from the ^rvpted 
co/nputer are ignored- 

The cabin mid-deck, reached through an open hatch from 
"the flight deck abov&, is the liviag area. (It also contains 
much oi the Orbitcr s electronics gear. ) Henr are three extra 
^dts for additional payload specialists when the Shuttle is 
carrying xhe manned Spacclab. Along the left side of this 
deck are the galley and a washroom with a toilet. The galley 
includes an oven, hot and cold water 4ispenscrs for preparing 
freeze-dried foods, storage for seventy-four kinds of food and 
twenty beverages, places for drinking cups and eating utensils, 
a shelf for dining trays, a water tank, and trash bins. On the 
right, besides boxes for the crew's personal things, are three 
bunks and a *Verrical sleep station." On a mission to rescue 
the crew^ of anothef Orbiter stranded in space, the bunks couid 
be rc^moved. and three morp sci(ts installed. Tlie total of 
ten seats, sfx here and four on the- flight deck, then would 
accommodate the rescue flight crew of three and the rnaximum 
of seven from, the disabled craft. ^ 

A lower section of the cabin module, beneath the living 
quarters and reached through removable floor panels, contains 
more storage 'space and the Orbiter's environmcntal-conrrol 
equipment. ' - 

From tlx^ back of the mid-deck an airkxk — ^a cylindrical 
compartinent with air-tight hatches* on .opposite sides — leads 
into the cargo bay. Astronauts in space suits enter from the 
cabin and close the hatch on that side before opening the 
other one, thus preventing cabin air from escaping into the 
ufipressuri^cd bay and the vacuum of space. Handrails, hand 
holds, and foot restraints at various kxations in the cabin, 
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airlock, and pay load bays hiplp tiie weightless crew members, 
scientists, and technicians to move about and work . as if neu- 
trally buoyant underwater. They can go along a handrail . 
on tlie load-manipulating mechanical arm to work on a pay- 
load at the far end of the bay; to reach a satellite, held out in 

' space by the arm^ during deplpyrnent, Refurbishment, or re- 
trieval; or to get at parts of the Orbiter itself that xm^ need 
inspection or servicing. 

Backpacks worn with the space suite provide oxygen- ancf. . 
suit cooling for six hours, and the Orbiter carries supplies . 
for two more six-hour periods . of EVA-— * extravehicular * 
activity'* — for two crew members. A space-suited astronaut 

, caij also v^r bri his back a personal . lipdc^t kit, called the 
manned maneuvering unif,: to % outside th$ cargo bay. With 
this hand-controlled propulsive' device he cati -reach a nearby 
free-flying satellite, transport cargo of moderate size such as 
miay. be required for servicing a'spacecraft, or retrieve small 
' free-flyers that may be sensitive to permrbation or contamina- , 

, tion by tli^^iifbiter s attitude<ontrol thrusters. The maneuver- • 
ing unit s own low-thrust nitrogen propellant causes n^inimal 
disturbahce and no contamination. 

EVA tasks may include: inspecting and photographing pay- 
loads or their components; instalHng, removing, o« tknsfer-* 
ring film cassettes, materials samples, protective covers}^ and 
instruments; operating equipmef^t, tools, . and cameras; clean- 
ing optical surfaces; cdhnccting; disconneaing, and stowing 
fluid and electrical lines; repairing, replacing, . calibrating, 
atid inspecting modular equipment and instruments; d^lof-^ 
ing, retracting, and positioning antennas, booms, and solar- 
power panels; transferring c^rgo; "lierforming .txperiments 
in the cargo b^y; '^nd' possibly repairing some damaged or 
malfunctioning Orbiter mechanism in orbifc^ 

In case of serious trouble during ascenj to orbit that made 
it impossible or unwise continue the mission to its full 
duration^ the Orbicer is expected to get back to^I^rth witH 
its personnel safe and its payload intaf:t. ^ 

If a decision to cut the flight short had to be made during 
the first four minutes-of powered ascent on the main engine^ 
they would if possible be kept liring uQtil the vehicle reached 
.an . altitude of some 100 kilometers (60 mi) . There the 
atmosphere would be' thin enough so that the Of biter, wkh 
the^ External Tank still attached, could flip over and point 
backward toward the launch site. Continued engine tl^rust 




Landii^ runout appears to postf no problems deipiie absence 
of reverse thrus}. This was second drop test, with ^stronai^^ 
Engle and TnMy^ 
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would slow the tail-hfst velocity to zero and then accelerate 
the vehicle, nose first, back toward the launch site. When it 
; reached the point where the Orbiter alone could glide home, 
the engines w^ouid be shuc down and the tank jettisoned into 
a not-too-busy ocean area selected ahead ^( ^ime. A computer 
guidance program for }ust such an emergency woul(^ control 
critical maneuvers until the Orbiter glided .within range for 
l^-the'crcw to make a manual landing on its usual base runway,, 
about rss^enr^ minutes Sfter liftoff. 

In a mission aborted during the last half of the launch 
phase there would be enough thrust left to power the Shuttle 
to just short of orbital velocity. The External Tank would be 
droppe#into the normal disposal area, and the Orbiter s tra- 
jectory w&uld take it once around the globe for a nearly 
normal reetitry and landing on the home runway about ninety 
minutes after takcqff. If the trouble came in the last few 
minutes of ascent, the tank would be cffscardcd into the 
planned area anci^ the Orbiter would make orbit, maybe at 
a lower altitude than planned, by Tiring its orbital maneuver- 
" ing engines longer than usual. The mission, though probably 
shortened, mi^ht last several days and would conclude with 
a normal return to Earth. 

If an emergency during orbital operations required urgent 
return, the crew could decelerate from orb^^-^omptly but in 
the normal way and, if not within range of home base, come 
into one of several air fields with long, strong, runways that 
NASA has lined up as emergency landing sites. 



/ 



A 




ERIC 



^9 



rfpHE Space 'Riansrortation'' System broadly, the 57 

Siuttie — Orbitpf, hiel tank, and lalirich • Ixx^rfcrs — plus,. - 
everything that goes widi it: 

• Spacelab,' in which scientists aiid tedimcians of many 
nations cari conduct their own Jexperimests beyond Earth's • 
gravity and atmi^phere; ^ 

^ Optional flight kits' of special equipment and extra supplies, 
such as additional tanks of fuel for maneuvering, tq enhance 
the Orbiter's performance, and extend* its. ^y in space; 

• The pay load manipulating arm described in Qiapter 6; 

• A modular spacecraft that can *be outfitted with different 
sets of instruments for a variety of mlssipns; 

• Rockets to propel Shuttle payiogds to -higfi^ orbits or on ' ' 
their way to othet. planets;' :1 ,. \ 

• A cbmplex- communications network; ' 

• Launch sites and service facilities; 

• Ingenious cargo handling equipment to speed ground 
operations; ^ ? * . ' - 

• Ground control centers; - 

• And the nianagement structxire to put them all together 
into a working system. \ f * 

The head of NASA s Office >of Space Transportation Sys- 
tems, John F. Yardiey, has coinpared the.operation to running 
^ scheduled airlif^e with asports of a charter service. , ' 

Twenty to thirty percent of all Shuttle missions will cafry 
some parrs of Spacelab, a versatile orbiting laboratory for . 
manned' and automated Research in the low -gravity, high- 
vacuum environment of ^ace. In its laboratory module men *^ 
* and women working without space suits in a comfortable, 
Earth-like atmospherq will conduct scientific and technical 
experiments in close cooperation with .colleagues on the 
[ground, Its development is financed by teji European nations 
under tlie European Space Agency. Agrecmcnis with the 
United States 'provide that ESA design and build one Spacelab 
as well as its test and ground equipment. Others that may 
be ordered later will 1^ paid for by the US, NASA is in 
charge of operations, llie Eufo|>eim countries involved are 
Austria, Belgium, Dekmark, West Germany, France, Italy, 
the Netherlands, Spain, 'Switzerland^ and the Unttc^ Kingdom. 

Like the Shuttle itself — ^but unlike Skylab — Spacelab is ; 
reusable, designed to, be launched and returned with the 
Orbiter as many as fifty times over, a life of ten years. It stays 
in the Orbiter throughout the flight, is exposes! to space when 
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58 ^the big cargo doors are open in ocbit, and is removed on the 
ground, for rearrangement of its elei^ents and changes of 
instruments and equipment for different kinds of raissioos- 
Spaceiab's main eiements are the pressurized laboratory, 
1^ . which affords shirtsleeve working conditions, and an . instru- 
ment-carrying platform called the pallet, a sort* of open back, 

. porch, that exposes materials and c*quipment direaly to space. 
Each of these is segmented for mission flexibility; either can 
be flown alone or in more than Half a dozen different com- 
binations with the other. 

^ . One segment of the i^hoi^uj^^^^^^.called the core seg- 
' ment, 'hoiis|^;|^* f»rQ^essing;J^i^^^ both 
the presku:|^&4 li^d^ ^own .together. 

It also has usual labbratory nist^jl^^^^'^conditioncd experi- 
moat racks, work Txrnches, and s6 iC)rth, Thg second, called 
the experiment segment, providers more pressurized wor^ng 
space, racks, and benches. Each pressurized segment is a g^Iin- 
der 4,1 meters-in diameter and 2.7 meters long (43 ftioy 9 ft^ - 
When the two are assembled, .with their cone-shapedN^d sec- 
tions, the maximum outside length is . 7 meters (23. ftj\ 




Mockup of Spaceiab a^^d drawing show one of many ^ 

possible configurations, — . 
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Experiment module 
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ERIC 



5i 




Ability to combine many tasks is a special virtue of the Orbiter, 
Here a Defense Departmtnt spacecraft i^ released, soon to ascend 
to its own orhit. Aboard for tater deployrnent are bther satellites, 
including an Advanced Kadio^AstrofWwy Explorer. 



As nuny as five pallet segments can be fiowa at one time, ? 
each three meters ( 10 it) long. They serve not only as plaQ^^ . 
forms for mounting, instrument but also can cooj equipment, ^ 
provide d€^icai,po\fc^ (generated by one of the Orbit's 
tiiree fuel cells), and furnish connections for commanding 
experiments and acquiring data from them. When pallets 
alone are used, equ^ment for essential service ior the Experi- 
ments, such as a power 'distribution box and computers, are 
protected in a small pressurized, temperature-controlled Jious- 
ing called the igloo. Equipment and expi^iments .<^an be serv- 
iced, if necessary, by asiD^nauts. in space suits. The pallets 
are used for large instrunients-;-telescopes, jlntc^mas — and . 
experiments diat require direct lexposure CO space or need un- . 
ofc^strUcted or broad .fields, of view- An instrument-pointing . 
systein provides attitude control and' stabili2?ation for experi- 
ments; that i:eqiure^more precise pointing than is possible with 
the Orbiter controk Pallet experiments can be controlled , 
from t^e laboratory module or rhe Orbiter flight deck' or from 
the grpund through the Orbiter s communications^ links, 
\ The laix)ratory module can accomntodate three people reg- 
,u^arly and a fourth for brief periods, such as a change of 
shif^. Handholds, handrails, and foot restraints help them 
work in the most convenient body position ^nd move about 
safely. The overhead structure contains lights and air; ducts. 
The air is at sea-level pressure, as in the Orbiter, and is kept 
at 18 to 27^ C At the work benches are electrical outlets, 
laboratory-Vi^i^ dispensers, writing instruments, pap^r, and 
storage copipartments for equipment like microscopes, cen- 
trifuges, incubators, materials-processing furnaces, and photo- 
graphic apparatus. There are view jx)rts and, in the top, an 
optical window and an* airlock, a meter in diameter, for 
I ^« extending materials and sensors into spafc and retracting them, 
^pacelab missions will concentrate on intensive, relatively 
short investigations that complement ipng-term observation- 
programs using free-flying satellites. Examples are studies of 
the Sun and solar wind, comets and novas, and high-eqergy 
radiation from distant regions of tiie universe; measurements 
of Earths electromagnetic envirorimefit and^^ujj^r atmos- 
phere; experiments in space processing of industrial and bio- 
medicai products; studies of the effect cdnditfons in space 
have on human beings, plants, animals, and cells; and — with 
the Orbitei' flying ypside down^ — testing and calibration of 
sensors that will be used later in Earth-survey satjmites. 




60 ' A pressurked tunnel leads from the laboratory module to 
the Orbite^ cabin, where the experimenters, calied paylc^d 
specialists, will live when off duty. Unlike the basic Shuttle 
flight crew — commander, pila,. ^nd mission specialist — pay-; 
load specialists nc^ not be career NASA astronauts. They 
are scientists or technicians in reasonably good healtli chosen, 
with NASA approval, by the designers and sponsors of the 
instruments and experiments -to be flown. NASA gives tiiem 
several weeks of classroom instnictioo and training in flight 
simulators to acquaint them^with the Shuttle and its equip- 
ment, living and ^Working conditions, isi space, safety and 
• medical procMures, ahd their roles in cooperation with other 
* members of- the crew in carrying out tiie planned mission. 
The first five selected for training were two Americans and 
three Europeans: German, Swiss, and Dutch. 

The Multimissiorr Modular Spacecraft, although not clas- 
sified by NASA as part of the S|>ace Transportation System, 
is a versatile new unmanned workhorse to be carried irito 
space*in the cargo bay of the Shunle.- Designed to take advan- 
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Various configurations b/ Spacelab Modules and pallets can be fitteU into the Shuttle's cargo bay. 
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SateiIiC€S orbk^d by the Shuttle begin life wi$h a silver ^' 
spoon: the orbit is ^exactly right; electronics get a last-fnimte 
test; solar panels dfid antennas are mf aided just right. This 
one is im Advanced Landsat. ^ 




tage of the Shuttle's unique capabiliti^ it wiU carry its own 
pro|nilsion, stabilization, and guHature equipment- It can 
rende^ous with the Shuttle for servicing in orbit or for 
return to Eardi &>r overimuL Fitted with interchangeable 
instrumentation, die MM^ can take on a vanety of mis^oas 
oriented toward Earth, the Sun, or s^rs, A considerable pro-; 
portion of all automated satcUite programs of the 1980s 
n^ay use it / ■ 

The spacecraft\is a load<arrying structure with modules 
attached for powei^ communicaticins and data handling, and 
attitude control. Propulsion motors for changing orbits, solar- 
power arrays, and v^ious kinds of antennas can added. 
It ^s .deployed from tne Orbiter and recaptured for servicing 
or return by the mechanical cargo-handling arm. For servicing 
and updating in orbit, instruments can be removed and stowed 
and replacemepts insertedpy mechanise controlled from the 
Qrbiter flight deck 

Two low-cost, expcndablVboc^ers are being produced to 
propel spacecraft deployed \from\ the Orbiter 'to altitudes 
beyond its reach. They're called upper stages, since they do 
the work performed by the fmal, top stages pf earlier launch 
vehicles. Both are solid-propfeUant rockets that come in dif-^ 
ferent sizes and combinationsior piaii to, large pay loads 
d^tined for missions near apdr^. 

For a launch from the Shuttle, the upper stage and attached 
spacecraft are; pointed in thq right direction by the Orbiter's 
attitude-control thrusters, and are then gently ejected by 
springs. At the proper placa^in the circular orbit to achieve 
the desired destination (over the Equator, for example, to 
resTch geosyncKtonous orbit), with the Orbiter maneuvered to 
a safe distance, the upper stage is .ignited by radio command 
or a timer to increase velocity and raise the trajectory. 

The simpler of these boosters, developed by industry as a 
commercial venture for sale to NASA^and other users, is the 
Spinning Solid Upper Stage, so named because its stability 
and direction in flight are maintained simply by spinning, 
, like a gyroscope. The rocket and spacc*craft together are spun 
up mechanically as high as 100 revolutions per minute, de- 
pending on size, before being released from the Orbiter. Two 
sizes are designed to lift payloads of about UOO kilograms or 
about 2000 kilograms (2400 lb- or '4400 lb) to high transfer 
orbits, with the spacecraft then providing propulsion for final 
inje^ction into geosynchronous orbit- Final weights on station 
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62 will be about 550 and 1000 kilogramij ( 1200 and 2200 lb) 
I .respectively. Four of the smaller spinning solid ljpi>^r, atagc 
, ' or two of the larger' model, \yjkh their spacecraft, |Cttn be 
carried on a sinji^lc Shuttle flight, OmJ^ or two may al$o «h^rc 
a flight with other paylo^jds. 
A bwskier boo^itcr, the Incrtial Upper Stage, is being devel- 
oped by the , U^. Air Force for usc^withj^th military aiyl 
civjiiiia s[Yicecraft. As the nanje implies, ijt has a^ built-io 
^guidance and propulsion system for stability and flight control.- 
Using two or three solid rocket mptors, it can place heavy 
, loads — 2270 kilograms (5000 lb) or more— in gco^ynchro- 
jiou? or other high-altitiide orbits. It can also jnjcct spacecraft 
into trajectories for the Moon or planets. 
^ One of the first assignmeijts for the Imnrirtl Upper Stage 
. Will be to place in geosynchronous orbit Tracking and Data 
Relay Sateljjtes to handle communications among aW elements 
5- N)f the Space ^Transportation System^ .Soace operations in /the 
past have depended jnainly on ground \ati<)ns and tracking 
ships for cOmmunic^ons, and there were large blind spots 
in their coterage. Crc^s of mamiied spacecraft were out of 
touch with Mission Control for part of j^very orbit, and %ajch 
lites frequently had to record data on board and transmit 
them to tarth later when within range of a receiving station. 
' Two Tracking and Data Relay SaicUitcsToiie on the liqua- 
tor t^ff Brazil and one over the Pacific ^Ocean, and a single 
ground station at White Sands, New Mexico, make it^ossiblc 
to track and communicate with the Orbiter and most orbiting,, 
spacecraft for 85 to 98 percent of the time. Several tracking 
-stations and tracking ships can he eliniinated', and there will 
be less need for on-board tape recotderjj— often a trouble- 
prone part of a satellite.^ , - , 

The Tracking and Data Relay Satellites will be supple- 
mented by the remaining .stations of the older global spac9 
''tracking and data network, and the NASA ^ix>und communi- 
cations iietwork, perhaps augmented by domestic communica- 
tions satellites, will continue to link the tracking stutioiis and * 
control centers. - 

Durmg operations in orbit, comnuuiications with ^thc Or- 
biter arc maintained, as in previous manned flight's,^by the 
Mission Control Center at the Johnson Space Center near , 
Houston, Texas. Experiment groiuid controllers will coinmii- ^ 
nicate with pay loads through the Orbiter as long as these are 
attached to it. After separation, communications with free-- 



^ flying satellites in Sarri^^ orbit wiIl*go to lu^d from a J^ayibad 63 . 
■ OpcratiiDns Controf^ Center at the ^ptice Flight 

. Center, in Maryland, near Wa^hingto^i^ D.C One. at the Jet - J 
Propulsion Laboratory in Califorat^^, near Los Angeles, con- 
_trol.s spaccaaft^hcaded for t ^'^9Pfi)'^ 




; Tvftis sttango spidery sutellitc tvilt be one of two'^h key paris 
d ' ' ; of*(/f9imeji* Space Transpgrtaiion^ System. Th^y are Tracking md.. 
DatffKeiay satellhes,and tvilUmk Orbi^^^ v i 

''^^very few oia-of -touch periods. They'll be up in geosyncht^hous^ 
. . ' , ' orbit-^one Qttfir the AtUn\ic^id one over ifw Pacific. 



NASA'«,Pcep Spaee Network, Pay loads that jeuiaio.atuichedv ' ^ 
tc>s>the Orbiter, including Spaeelab, arc monitored from a ' 
Al^ayibad Operations Cx^ntrol Center in the same building'^ith . 
Mission Control, whi^h .provides separate^ voiQc channels for c, 
science arid Orbiter operatipns tind television channels shared 
Jby Jthe flight <?rcw. and-paylOad specialists. 

Launches of eArly Shuttle missions, both dvtlian and mili- 
tary, are from the Kennedy Space Ceriter, Florida, out* over 
the Atljyitic Oceaa to a*oid flying over populated areas' in 
r the critical first minutes. This directign also gives \f)ace~*^ - ^ 
bound v^icles an extra velocity assist from Earth V eastward^ 
rotation. The payloads from here include all communictitions 
s^ollites and orhers^ for gjeosynchtonous orbit. Mis^i6ns rc-^^ . 
quiritig north-south' (polar) Qtbits^' including niany^ weather / 
■ ' and* Earth-survey satellites, are launched soudiward over the a 
Open Pacific ;from Vanden|>erg Air Force fl^a^e, on a/ ppintlif . 
the California -coast. > / 

Ground operations at the two bases are similar. Using pro- 
cedures like rhosQ of commercial airlines, such as*servicihg 
thc*^ engines -without removing the4}, ground t!r<Jw8 forking • 
two shifts ^re expected to have. a(i;Orbiter ready fot rclauiarfi, ^t. . 
in as short a time*as*twoVeeks after return to Earth. The 
planned goal, when the Space Transppriation System is fully 
♦operational and running smoothly, is l60 wqj;king hour^: 
an hour at the landing runway fcfrothc crew to debark,, for a* - 
quick safety inspection, and hooking up air-conditionilng 
l^quipment imd a tow tractpr; 9Q .hours in the Orbiter Pr6c:-»' 
i essing facility fcltr post-landing safety procedures,* removing " 
» any' returficd payloads, inspecting and servicing of t\iQ ^pace- ^ 
' craft, and ihstaying tie new payload; 45 hour^ in^^he Vehicle 
- Assenibiy Building for hoisting the Orbiter to a, vertical posi- 
tion and mating it-widi a new External Tank and refurbished^ ; 
5 :< Solid Rocket Boosters; ''and 24 hours for movihg. the asfi^^*;^; /;, 
/ bled space vehicle oil thp Mobile laufl^n^^^^^^^ to the, ..^ 

launch pad, instaUing a^iy hazardous^^*^^ pay- ^ 

ioadi here rather thaii earlier, laading^^ri^ellants, getting • 
the hew ?rew on board, .and final checks durings.va two-hour^ 
countdown to liftoff. 
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HE Shuttle is planned as the key element of American 65 
operations in space through th^ 1980s and into the '90s, 
What can we expect in growth of its abilities and extension 
of its uses? NASA is necessarily conservative in making finn 
plans, limited by budgets and exprS&sd user needs, but is 
' imaginative in the range of possibiliti^ being examined. 
Some of the ideas discussed here -may startle anyone but a 
reader of science fiaioa Ail, in faa, have been looked at 
soberly by NASA planners or other hard-headed engineers, 
scientists, and economists in the Government, industrial com- 
panies, and universities, 

NASA's advanced studio envisage an evoiutioAary buildup 
from longer Shuttle flights to free-flyiog Spacelabs, automated 
and tiien manned orbit-to-orbTt freighters, Shuttle-tended and 
then continuously occupied space bases^ demonstrations of 
solar power generation and other industrial applications of 
space, and wide personal use of Space technology like elec- 
tronic mail delivery and'^wrist telephones linked by satellite, 

.The first step is to gxtend the duration of the Of biter's 
flight beyond the current capability with extra tanks of pro- 
peilants for its attitude-control and maneuvering engines and 
of hydrogen and oxygen for its power-generating fuel cells. 
. One solution planned is a utilities module that is carried to 
orbit in the, pay load bay and left in space. It will unfurl large 
winglike arr^s of solar cells to collect sunlight for pr^duc- 
. tion of electricity, generating twenty-five kilowatts of power 
for the Orbiter and experiments on board. It will also contain 
extra payload<ooling radiators and a set of gyroscopes for 
attitude control of the Orbiter and attached payloads. The 
gyroscopes save maneuvering fuel by eliminating the need 
for frequent firing of the control thrusters. * 
ft A twenty-five-kilowatt module can supply power. for a . 
Spacelab or construction mission of sixty days or more. After 
sixty days the flight would be liniitc*d by such factors as food ^• 
and drinking water. The module could also supply plug-in 
power for free-flying payloads that would dock with it, and 
it could be detachpd and parked, in orbit between Shuttle 
missions. One version could i^^If fly free of the Orbiter with 
instru4|iepts for, say, studying the Sun or Earth. Another could 
be attached to a free-flying Spacelab for long-duration hiis- 
sions like observing the Sun continuously through two or more 
28-day solar cycles or studying plan|s or 'animal specimens .. 
through^ several generations; A Spacelab with its own ytilities 



66 and atdtudc<ontrol module could operate a long time— a stop 
toward a permanent space station — if rcsupplied periodically 
by the Shuttle with food, water, and other consumables. 
NASA planners foresee needs for considerably more than 

twenty-five kilowatts of power in space by thejiiiddje Of liUCt 

1980s: > 

• About fifty kilowatts for a multibcanoi communications, 
satellite scrA^giifi hundreds of thousands of very small receivers 
on liarth — wrist telephones — or a prototype materials-proc- 
essing laboratory if early Spacclab experiments prove proniis- 

f 

• A hundrcxl kilowatts for elcnrtronic mail-nearly instan- 
taneous facsimile transmission of letters and other docum^reK^ 

• through satellites — and more fdV \esting space-tp-underwater \ 
communication; ^ 

• Two hundred and fifty kilowatts ft>r a Shuttle-tended space 
base to construct a large precision antenhn^^jrfojy low-orbit 

- space-power test, project. This couljKevaluate |x>wer transmis- 
sion eflicicncy, pointing accuracy, possible heating of the 
atmosphere, and other factors to be considered before pro- 
cccxling with a large-scale, high-orbit; plant to collect solar 
energy and beam it to Farth; 

• Several hundred kilowatts for solar electric propulsion for 
moving large objects from low to high orbits or for some of 
the exciting long-duration scientific missiojis like rc/idezvous 
with^i comet or flybys of the jouter planets. 

This -power could be generated by, nuclear reactors or by' - 
the Sun. lor both technical and enviroivnental reasons, NASA 
so far prefers solar power. Tlie Sun cim Ix^ used to drive 
rotatjjjg generators; to convert solar heat directly into elec- 
tricity with thermionic systems; or to convert the Sun's clcc- 
^ tromagnetic radiation into electric current with photovdtaic 
cells. These, commonly called solar celili employ a semicon- 
ductor such as silicon tliat releases electrons when bombarded 
by photons from solar radiation. Because of its successful 
^ experience with solar cells for many years to power scores of 

: satellites, NASA favors coiitinuing with them; it has devised 
several configurations of an enormous 2504ilowatt photo- 
■ voltaic powe^ module/ '"U- ' - 

^ Preparing ^o build and iise iV solar power generator of that 

^ ^size or larger, with dinxMisions in hundreds of meters, requires 
advances in a lot of other areas: transportation systems, cranes 

* and remote manipulators, jigs and ftistcrtc^s, so-called^ chCrry 
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Automated beam builder could roll-form and brafc triangular 
section h^fns of the exact length noedad for large orbifinjs^' 
structures. They'd be light but strong. 



er|o 



7^ 



.A.- 



r 



pickers like the ones that hoist powcriinc rcpnirmcn, power ^7 
tools that can be hunUIcxl by construction workers in space, 
suits. A' frt*e-flying robot tractor designed in the 1970s for 
moving large objects around in space-^ASA calls it a* telc- 
^upcratpr^— uui be used not only to. assemble space structures > . . 
.yin|t: ;iiJ^>;U> pla in mediunvaltitude or]>i.ts 

v big/olid tht for servicing. 

* ^ Fb^ very lar|?(* iituke more sense to fabric 

\ cate some sections in space rather chati bringing uji pitxes in 
:;the Shuttle for assembly. An aerospace company jias devel- 
;.gjf)t^ af> auton>atc^I beam builder to fit in the Orbiter that . 
can extrude triangular girders from compact coils of ultra- 
light metal plate, It'^ fetl through rollers that shape it to the 
desircvJ cross, section in a manner similar to the on-site fabw- 
^ cation of aluminum ^rain gutters. The beams would be. s|> 
light — less than a hundredth die weight of comparable 
ground construction — th^t a single Shuttle flight could bring 
up material for a structure approximjitely 300 by 100 by 15 
meters ( 1000 by 325 by 50 ft), 

A number of large space structures of the future, including 
multipurpose communications- platforms, must operate in geo- 
synchronous orbits in order to provide (Continuous coverage 



Big antennas mil be needed in space for f/iany high-daia-rafe 
applicatiohs; <wd <m array \nay bo easier $li£ttK ono bf^^p oncAicro hvo^ 
Orbiters^ double-team ihc job, _ . " 
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68 of their service areas. They not only will outflow the size and 
. weight capacity of the lifst-^eneration Shuttle-launched uj^por 
I stages described in the previous chapter but also will rcxjuire 
^" Servicing in orbit to extend their working Uves and spread 
-tlieir Wgh origlHal^osts tmn: many -yeifri^r Soiw ^nay be so 
* • hirgc — tolar power stations^ for instance — that they can Best 
be built at their oi>crating sites. Hence a need for reusable, 
'■ ♦v-^^V m vehicles to carry both cargo and work crews between 
low and high orbits.^ A two-stage hydrogen-oxygen orbital 
transfer .vehicle coukl Ik* assembled in low orbit from separate 
stages carricxi by two Shuttle flights. Other Shuttle illghts 
would bring up the propelIants> cargo, and crews. 
j :To avoid the complications of loading propellants in orbit, 
;;hp>iever, NASA planners are studying ways to increase the 
Shuttle's lift. A growth from the present limit of 29 500 kilo- 
grams (65 000 lb) to about 46000 kilograms (100 000 lb) 
\yould allow two upper stages, already fueled, to be carried 
; to low orGit by two^Shuttle flighty and linked there. One 
coHctfpt for low-cost, heavy-lift launch vehicle uses the 
Shuttle s solidrpropellant launch boosters and its three hydro-, 
gen-oxygen main engines, attached to the big fuel tank, but 
substitutes a large payload, covered only by ajight protective 
metal shrond, in place of the more costly Orbiter. A single 
launch could then put more than three times the Shuttles 
present maximum load in low Earth orbil» (Still mightier 
. launch vehicles proposed by aerospace companies would team 
up sixteen or twenty-four engines to lift payloads o^225 000 
or 27 5 000 kilograms ( 500 000 or 6o6 000 lb) .) ^ 

Looking beyond ISASA's recent studies of possible future 
space operations, the agency's director of Advanced Programs, 
^John H. Disher, predicted in an article published as the 
Shuttle was being prepared for its llrst orbital test flights; 
. . the Shuttle and Spacelab» I fcelieve, will energiic space 
* flight as the 1X>3 and 1X>4 did iviation — prompting greatly 
increased use of the unique features of space both for appli- 
cations we nnderstand today and for applicat\o|is not yet con-* 
• ccived. Given this spur, I can see advances being , made 
substantially more rapidly than provided for by our current 
quite conservative plans/* 

^Ji^ig^gy shortages and pollution worries, and the prospect of 
v9orse to come, have ftxused special interest on the idea of 
converting space sunlight — unlimited, unhltered by the at- 
niospherc* uninterrupted by nightfaUy^into electricity for 
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Fivc-|?igawatt solar power station #.i conceived for f^coiytf- 
chronoiis orbit. Side reflector p^tfieh wot/Id increase effnieucy 
of centrid solar ^ cell arrays. Microivave beatn would transfer 
power to Earths Energy for transfer of station up from low 
orbit might come from its own power. 




> consumcis on Earth. The r<;spcctc<i Ameuaiv^|nscUute^^ 
•' Aeronautics nnd Astronautics (AIAA) selected space power, 
ttlong with muterials processing (discussed in Chapter Three) 
and hfc sciences research (such as gravity-free bed rest for 
treatment of burns and fractures), as three particuhirly prom- 
ising future way5 to use tljic unique environment of space to 
help solve problems tlmt arc complicated by gravity and the 
atmosphere. 

While noting that more research will be needed to establish 
the economic feasibility of space power, the AIAA study said, ^ 
"TJiere is little question of technical feasibility: all elements 
of prospective power plants have been established by cither 
experimental tests or long periods of operation in $pace. * . /' 
The report listed a number of advantages besides ample free 

.sunshine for locating power plants in orbit: illation ftom 
tH)pulated places, no earthquake hazards, easy disposal of ex- 
cess heat, savings of natural resources by lightweight con- 
struction, no corrosion of materials, up pollution, no need for 
energy storage or backup facilities. 

The AIAA committee considere^l two ways of generating 
power: immense arrays of solar cells and latge collectors of 
solar heat. The collectors would focus sunlight on a central 
rieceiver, heating a gaseous working fluid to drive a turbine, 
compressor, and generator. EithoTr^type of station would beam 
the energy to Earth as microwaves, which would be collected 
ty large antennas and cotiverted to alternating ciirrent for 

^ distribution by ground » ower gtids. The generating plant, the 
study said, might be aspmbled in low orbit from components 
carried by future hca/y-lift vehicles and then be moved to 
geosynchronous orbin^y electrical thrusters using^ powei; gen- 
erated by the plant itself on the way up, > 

(The report also mentioned as "extremely interesting" u 
proposal^ originally suggested by proponents of space coloni- 
zation, for building space power plants from materials mincxl 
on the Moon. The. material would be refined and structures 

.. fabricated ill sofar-powered factories at neutral-gravity loca- 
tions between Earth and the Moon. Cheaper transportation 
than from JEarth, thanks to the Moon's low gravity, would . 

' offset the cost of the lunar mining base.) 

The AIAA study suggested that a solar power system of 
several getierating stations, though it could cost tens of billions 
of dollars, might be paid for while being built up over several 
years from the. sale oi power at prices, competitive with 



70 ground-based plants. "As a nonpoliutiqg limitless^ source of 
energy/' die report said, "space-based solar power stations 
could lead to a system capable of producing rnuch of the 
United States' power requirement early in the 21st century, 
and in the very long term could conceivably develop into the 
world s primary source of electric power." 

The Government s position is more cautious. "Ii; is too early 
^to make a commitment to the development of a satellite 
solar-power station or Space manufacturing facility, due to the 
uncertainty of the technology and economic cost-benefits ^nd 
environmental concerns/' a White House statement said in 
1978, then continued: "There are, however, very useful inter- 
mediate steps that will allow the development and testing of 
key technologies and experience in space industrial operations 
to be gained/ The United States will pursue an evolutionary 
program that is^directed toward assessing new options. . . 

Aerospace company ofl5cials, understandably, see grander 
visions. One said his firm has identified 150 opportunities for 
profit-making space industrialization, including thirty-five for 
space manufacturing of new or improved products ranging 
from pharmaceuticals to. high-strength permanent magnets' 
He envisages extremely large multibeam antenn^^ in space 
making possible pocket telephones and also electronic tele- 
commuting: "Rather than driving to work Qach day, the 
workers would operate from their homes or from a small 
satellite office where they could interact e^ctronically with 
people and machinery in a central office building in a nearby 
city or in one located many hundreds of miles away. This . . , 
would help solve our energy problems' and improve efficiency. 
It would also allow a life-style wheteby people could live, 
work, and play in small communities, but still pprform [ohs 
that arc essentially urban.'* 

He cited a study which estimated that industrial uses of 
space could create 100 000 new dirc*ct jobs by the mid-1980s 
and nearly two million by the year 2010. Through the multi- 
plier effcxrts, the study forecast, this could lead to. two three 
times as 'many total jobs and an increase of hundreds of bil-- 
lions of dollars in the gross national product. . 

Others dream of space tourism: a NASA consultant sees a 
lOO-room hotel by the year 2000 with rates — presumably not 
for the average family vacation^ — starting at $5000 for the 
round trip and a few days in orbit. And of permanent settle- 
ments in space. In a^exercise in realistic imagining, a group. 
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Another solar power sMion might look like this. Unlimited 
pollution-free pow^r^ is theoretiadly att^dnable. But effects of 
microwave or laser links are not fully knomt. 
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of engineers, architects, physical and social scientists, and 
others met for ten weeks in the summer of 1975 at Stanford 
University and the^nearby NASA Ames Research Center and 
designed a city in space for 10 000 inhabitants. The AIAA 
assessment of future practical applications of space, in dis- 
cussing the potential of a lift! sciences laboratory, said: "It is 
almost certain that studies on plants will lead to being able to 
culture plants for space colonies and th^jhese plants will be 
able to use human waste prq^jj^ii^To generate food and 
oxygen/* 
Dreams? 

An economist who has done several cost-benefit studies for 
NASA on other subjects: '*Tlie establishment of space habita- 
tion will be art evolutionary outcome of the current United 
States space program. Mankind will achieve in the next 100 
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years the most , significant accomplishment yet: true Earth- 
independent, self-support systems which will lead, to the estab- 
lishment of a multitude oi ne'w, different, and enterprising 
civilizations/' 

And John Dishi^ in his article on NASA's own advanced 
studies: "No one can foretell when we n^y have permanent 
settlements of people in space or large-scale use of resources 
from the Moon or asteroids for space construc^on. The bene- 
fits, costs, and risks of such undertakings rem^n to be estab- 
lished, Fortunatelj;, however; the nearer-term developments 
discussed here wilTproceed on their own merits and constitute 
necessary developmental ^eps toward the longer-term possi- 
bilities/. ^ 

' ■ ♦ ■ 

Possibilities • . .? ^ ' 

Dreams . . .? 
^r goals? 

Time will tell. Decades from now some of these ideas may 
seem innocently unrealistic, based on ignorance of hard real- 
ity. But its also possible that some v/Hl seem astonishingly 
timid, cautious forays by limited imaginations. (One remem- 
bers those 19th Century Visions of future air travel in ship 
staterooms aboard sail-driven balloons.) There may be as 
much chance that we will undershoot as overshoot in'predict- 
ing the topography of the future. 

What we are concerned with are not solely engineering ' 
measurements like mass and specific thrust. Fully as important 
is another kind of thrust: the questing human spirit. 



AvkuQwledgments 

Material for this publi^tion was supplied by )ohn 1. 
Hammersmith, Fred R. Steven, Mar^ Fitzpatrick, Davijd W. 
Gar^tt, Shirley Keehn>' Richard McCofniack, Nicholas P^Uiagakos, 
and Margaret Ware, of NASA Headquarters; Robert V. Gordon 
"axid Anthony A. V^rrengia, Johnson Space Center; Amos Grisp, 
Marshall Space I^ght Center; and D^lcen Hunt, Kennedy Space 
Center. The reproductions on pages 20 and 28 arc taken from 
paintingslsy Arthur Shilstope. " " . * 



'-About the 'Aiithm 

Howard Allaway is a journalist livi 
work^. for the Associated Press, 
Popular Science Monthly, Consumer 
he served for more than a dozen y^ 
1976, receiving an Exceptional Servj 
Apollo Ptograni. A previous NAl 
"Houston, y^e've Got a, Probhrn/' 
incident. 



ig in Canton, .Mass. He. has 
the ^New 'york^^TimeSf 
Reports f and NASA, where 
rs before his refuJemcnr in 
ce 'Medal for hii part in the 
X publication of his was 
account of tht Apollo 13 



About tbt! Ffild'Oiit.'Drciu'-/ng' - ■'. 

«The painting oh pages 42 and 43, which in *fuil size measures 
43V4 in. by 80^4 'in^ was made by B^on Storey. It presently 
hangs in the Administrators oSjce in He^dquaners, In 

modified form it also appears in a 29-in. by 40-in, wall chart 
prepared by the NASA Public Affairs Division, and offered for 
sale by the Superintendent of Doc\iments, U.S. Government Print- 
ing Office, Washington, UC. 2o\o2. Price is Si. 60 and stock 
number is O33-(X)0-OO743-4, 



74 



Index 



Advanced' Landsat* 6l 
airlock 5, 53 " 

American Institute of Aeronautics & Astronautics 

(AIAA) 69 \ 
Americaii/Rocket Society 29 
Ames Research Center 71 
afngle of attack 6,73^ 
Atlas-Centaur . 21 • , 

costs 22 
attitude-control thrusters \6 
automated beam buiiderx 66, 67 

Cabin module 5 1 
envronmentai-control equipiA^n^ 53 
flight deck 43, 51, 52 
duty stations 51, 53 
mission 52 |* 
payload 52 ^ 
payload handling 5 1 
rendezvous and docking 5 1 
^ living area 5,3, 55 
galley 53 
lower deck 

'vertical sleep station" 53 
washroonr . 53 • 
cargo bay 4, 48 
commander . 4, 6, 5 1 
communicafion bkickout 7, 62 
communications satcilit'(;s 4, 1 I - i 2, <1 8 
Intelsat system 12 
Syncoms 11-12 
Teistar I . U * 

Day, IxRoy E. 22 ' 
Delta 21 ^ 

costs 22 
Disher, John H. 68, 72 ' 
Donlan, Charlies J. 32 
Dynasoar 29 

Earth resources monitoring 13-1), 26 



Earth re^urces survey sateiiites } 3, 59 

Landsat 12, 15, 18 v 
Earth-tOK)rbit cargo carriers 29 
economics 22, 25 ^ 
Edwards Air Force. Base 47 
ejection springs 4 . 
elec^onic mail • 65,66 
emergency landings 8, 55 
engines 45 

Enterprise ^12,30,47 , . 
European Space. Agency 8, 1 8, 57 
European Space R^earch Organization ( ESRO) 30 
External Tank 1, 33, 35, 36, 38-39, 45, 46, 47, 55 
dimensions/specifications 38 ^ 
extravehicular activity ( EVA ) 54 

flight, aborted 54 ' ^ ■ 

fly-by- wire control 52 

freight rates 21, 23 ^ 

Frosch, Robert.A- 24 . 

fuel ceils 47 

m 

geosynchronous orbit 4, I 3, 61, 62, 63, 67, 68 
geosynchronous satellites 12, 63 

Syncoms \2 \ \ 

weather satellites 13 
global infqrmation system 25 ^ 
Goddard' Space Flight Center 48,63 

Head-End Steering 29 

igloo 59 ' 

Inertia] Upper Stage 62 ^ 
Intelsat system 12 ■ - 

Jet Propulsion iaboratory 48, 63 
Johnson Space Center 1, 48, 62. 

Kennedy Space Cx^nter 1, 8, 35, 39, 63 
Landsat 12, 15, 18 



ERIC 



So 



latmch vehicles 2 1 
^tlas-Centaur 21 
/Delta 21 

Satuf n V i y 
Titan 21 

^ J*e^. Chester M. 24 . , ^ 

Long Duration Exposure Facility 5. 8, 4H 
lunar iandsc-ape 17 , . • . 

lunar mining 69 • 

Malkin, Myron S. 6 . / 

•maneuvering engines 3, 6, 46 
manipuiator arm 4,5,48-49/57 
manned maneuvering unit 54 
Marsliflll Space Flight Center 45 
mechanical arm 48-49 

"end effector" 49 
meteorological satellites 13, 15 
Mission Control Center 62 
mission specialist 4,5,51,52 
"TOonomethyl hydraiine 46,47 
Mueller, Gc*orge E, 3 1 
multibeam communications satellite 66 
~ Multimission Modular Spacecraft (MMS) 60-61 
M^ltiniission Satellite 49 

NASA I>ep Space Network^ 63 
National Research Council of Canada 49 
Nimbus 13 . 
nitrogen tetro^^ide 46 
nozzles 35 . 

Office of Space Transportation Systems ^7 
orbital vekxity 3, 6 
_ Orbiter 1, 2, 3, 5, 6, 7, 27, 5 U 59, 6^ 
airframe 4 1 
antennas 5, 67 
body flap 43 

cargo bay 4,48 ' ^ . 

controls 52 

'crew module 41 \ fL 



design 32 

dimensions/ specifications 4 1 -42 

electrical system 43 

eleven 43 
, engines 45 

dimensions/specifications 45 
orbital maneuvering 3, 6, 38, 43, 46 
primary 46 ^ . * 

reaction control thrusters 43, 46 
vernier * 47 ^ ' • ' 

insulation 42 ' > * 

internal power 47 . 

electricity 47 ' 

fuel cells 47, 48 
hydraulic power 47 

landing gear 9, 43 . 

liftoff 2 / 

r^in sections 41 

nose gear^ 43 , 

propellents 8,^^5,45,46 

radiators 43 ' 

solar panels 5 , • 

speed brakes 8, 43 

sunshields 5 

tanks 43 

tiles 42, 46 • 

windows 39 
Orbiter configurations 32 ' 

fuel tanks 32 

heat shielding 32 
Orbiter main engines . 35-36, 43, 45 
Orbiter Processing Facility 63 
Orbiting Astronomical Observations 22 

Pay loads 21-24 
standby 23 

> pay load manipulating arm 4, 5, 43, 48-49, 57 
Payload Op^rrations Control Center 63 
paylpad specialist . 4, 5 1; 60 
piggyback flight 23 
pilot 4, 5, 6,/51 



President s Science Advisory Committee 3 1 
propelianc composition 35 

remote.sen^ng 26 . 



runway 



7.9 



33 

12 
69 



Sarufn V 1 
Skyiab 13, 17, H8 
soiar ceils 65, 66, 69 
solar elecrric propulsion 66 
solar power stations 66, 69, 7 1 
Solid Rocket Booster 1, 3. 35-37, 4-5 

liquid vs. solid fuel 
space colonies 7 0-7 1 
space communications 
space industrialization 
Spacelab 8,48,53,57^60,65 
laboratory module 58 
segments 58 
core 58 
experiment 58 
. ; pallet 59,60 
space mapping 17 * 
space power 69 
space rescue 23 
space structures 26 
space "telescope 4, 5 
space tourism 70 
Space Tran3p<^rration System 
Spinning Solid Upper Sta^e 
, Staiiford University 7 ! 
Syncoms ! I - J 2 



8,21,23, 24,62 



61 



tclcopcrator 67 

1 clstar 111 • ' 

Titan 21 

-Tracking and Data Relay Satcllitfs 62, 63 

upper stages 4, 61 

Inertia LUpper Stage 62 
,5frrnning Solid Upper Stage 6 J 



U.S. Air Force • 62 ' . 
utilities module 65 

Vandenberg Air Force Base . 35, 39» 63 
Vehicle Assembly Building 8, 63 
von Braun, Wernher 29 

weather observation 12 

weather satellites 12-1 3 ' , ^ 

wrist telephone 65,66 . 

X-15 30 



Yard.leyjohn F,' 57 




S2 



